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INTRODUCTION 





APOLLO ХХ, THIS IS 
MISSION CONTROL 








Your Heathkit JR. JK-18 Electronic Workshop "35" lets you learn about electronics and 
have fun at the same time, It hasthirty-five different Experiments, ranging from a simple 
Code Flasher to a Capacitor Bridge, After you put the Workshop together, just attach a few 
snap-in wires and you can have a Radio, an Electronic Organ, a Burglar Alarm, or 
many other interesting devices, You can also learn the symbol for each part how to 
understand a circuit diagram, and how each circuit works, 


Step-By-Step instructions make the Workshop easy to assemble, and the workshop board is 
drilled and marked for each part, All wires are cut and ready to use, Each Experiment 
includes a Wiring Chart and a clear drawing of the workshop board with all the wires 
snapped in place, Almost any Experiment can be ready to Operate in only 10 or 20 minutes. 
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The Experiments will help you become familiar 
with electronics, A simple explanation is given 
for each part you use, with adrawingof the part 
and its symbol, Then the symbols are connected 
together in a circuit diagram (or schematic") 
that tells you how the circuit works, Additional 
information about parts is given in the Dictionary 
(Pages 159to 161), Simple Experiments are given 
first, 
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This Electronic Workshop will introduce you to many new ideas, and could open up a whole 
new future for you, An interest in electronics could help you get started in an exciting 
hobby like amateur radio or radio-controlled models, It might even be the beginning of a 
future career for you in electronics, If this interest grows as you perform poc 

and you want to learn more, refer to "How to Learn More About Electronics" (Page 163), 
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WORKSHOP "35" ASSEMBLY 


PARTS LIST 
To order replacement parts, refer to the PART PARTS 
Replacement Parts Price List and usethe Parts NO, Per Kit 
Order Form furnished with this kit, 
CAPACITORS 


Unpack your kit carefully and check each part 
against the following Parts List, The numbers 
in parentheses match the numbered parts onthe 
Parts Pictorial, BE es. 


(2)21-140 
21-46 
Before assembling your Workshop, read the Kit 21-16 
Builders Guide, Pages 6 and 7 will tell you how 21-31 
to identify parts, Pages 14 and 15 tell about the 21-48 
Services Heath has to help you, and Page 16 (3)27-47 
has the Warranty for your Workshop, The other (4)25-54 
pages furnish general information about wired 25-56 


Heathkits, (5) 26-67 


PART PARTS DESCRIPTION 
NO, Per Kit 





(6) 417-118 
T) 0- 
RESISTORS (7) 9-6 
Identify each resistor by the color bands, 3 "pte 
(1)1-83 1 56 Q (green-blue-black) (10)19-83 
1-6 1 470 Q (yellow-violet-brown) (11)60-2 
1-7 1 680 Q (blue-gray-brown) (12) 75-52 
1-9 1 1000 2 (brown-black- red) (13)69-15 
1-16 1 4700 Q (yellow-violet-red) (14)401-137 
1-73 1 8200 2 (gray-red-red) (15) 407-116 
1-20 1 10 kQ (brown-black-orange) (16)412-1 
1429 1 22 kQ (red-red-orange) (17) 434-21 
1-26 1 100 KQ (brown-black-yellow) 
1-27 1 150 КО (brown-green- yellow) 
1-30 1 270 KQ (red-violet-yellow) 
6 


1 
1 
1 
1 
1 
2 
2 
1 
1 


4 
1 


1 
1 
1 
1 
1 
1 
2 
1 
1 
1 


DESCRIPTION 





The capacitor value is printed on the body of each 
capacitor, Capacitors may be MF or MFD instead 


.001 uF 
.005 uF 
.01 uF 


02 uF 

05 ВЕ 

i uF 

10 uF 

100 uF 

Tuning capacitor 


OTHER CIRCUIT COMPONENTS 


Transistor (type 2N3393) 
LDR (light dependent re- 
sistor)* 

Earphone 

Antenna coil 

Control 

Slide switch 

Switch insulator 

Relay 

Speaker 

Meter 

Lamp 

Socket 


"NOTE: Place the LDR (light dependent resistor) 
with the earphone in the plastic pouch, 


ывлтыкат Й 
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PART PARTS DESCRIPTION 
No, Per Kit 


— 


METAL PARTS 


PART PARTS DESCRIPTION 
No, Per Kit 





Other Hardward (cont' d.) 


18)200-544 1 Remote chassis m y Es эры nut 
202-83 1 Front panel | ontrol washer 
(19) er i B p 43) 253-6 1 Large fiber washer 
(20) 202- ear panel +44) 212-14 14 Jumper strip 
(21) 202-85 2 Side panel 45) 258-47 12 Lug connector sprin 
02) 204-9468 2 Battery bracket nini. 
93) 86-18-1 1 Workshop board 
i 24) 204-922 1 Meter bracket WIRE 
HARDWARE 100-849 1 Wire pack 
consisting of: 
4 " 
Each piece of hardware is shown in its actual = N ы 
size on the Parts Pictorial, 18 0" red 
Т 8" orange 
#2 Hardware (in Envelope 4171-2478) 4 10" yellow 
4 12" black 
(25)250-182 5 2-56 x 1/4" screw 3 14" brown 
(26)250-175 7 2-56 x 3/8" screw 1 25" (25 ft) white-blue 
(21)252-51 13 2-56 nut uo ft) white 
are 
#3 Hardware (in Envelope 4171-2477) MISCELLANEOUS 
(28)250-172 122 3-48 x 3/8" screw (2 extra) E 
(29)252-1 122 3-48 nut (2 extra) un T — n 
(30) 254-7 62 #3 lockwasher (2 extra) (48)258-38 90 Connector spring 
(49)258-43 1 Battery spring 
#6 Hardware (in Envelope 4171-2476) (50)261-29 1 Plastic foot 
51)263-7 8 Felt foot 
(31) 250- 89 9 6-32 x 3/8" screw 7 a 462-17 2 Pointer knob 
(32) 250-56 15 6-32 x 1/4" screw (2 extra) (53)462-105 2 Knob 
(33) 250-162 3 6-32 x 1/2" screw (54)490-25 1 Screwdriver 
(34) 250-170 8 #6 sheet metal screw (55)490-5 1 Nut starter 
(35) 252-3 13 6-32 nut (2 extra) (56)390-257 1 Battery label 
(36) 252-22 8 #6 speednut 597-472 1 ЕСС Certification Form 
(37) 254-1 7 #6 lockwasher 597-308 1 Kit Builders Guide 
597-260 1 Parts Order Form 
Other Hardware (in Envelope #171-2479) 391-34 1 Blue x white label 
1 Manual (See front cover 
(38) 250-52 2 4-40 x 1/4" screw for part number.) 
(39) 253-1 4 Fiber flat washer amm 
(40) 253-2 5 Fiber shoulder washer NOTE: You will also need four size "О" flash- 


light batteries for your Workshop. Do not buy 
mercury type batteries, 


PARTS PICTORIAL 
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ASSEMBLY NOTES 


In the following steps, you will permanently 
mount all of the parts except the LDR (light 
dependent resistor) and earphone, Be careful 
that you do not damage components by applying 
excess strain on the wire leads, 


А small screwdriver is supplied with this kit 
to help you mount parts, A plastic nut starter 


is also given to help you hold and start nuts 
on Screws, 


STEP-BY-STEP 


Refer to Pictorial 1А (fold-out from Расе 8) and 
to Pictorial 1B (fold-out from Page 23) as 
you assemble the Workshop in the following 
Steps, 


NOTE: When you mount the workshop board on 
one of the base panels, as in the next step, 
first start all of the screws in that panel, Then 
go back and tighten the screws, 








PAINTED 


SIDE Р 
3-48 x 3/8" 
OF BOARD dr 


f 


| 
| 


Ф FELT FOOT 


Be sure to read each step allofthe way thru р. 
fore you start to do what ittells you, Then make 
a check mark in the space provided (v. 


FOR 2-56 AND 3-48 NUTS 
Re €? 






NUT 
STARTER 





PICK UP NUT 


FROM TABLE 


FOR 6-32 NUTS 


SSEMBLY 


(V) Refer to Detail 1-1 and mount a side panel 
to the workshop board, Use 3-48 x 3/8" 
screws, #3 lockwashers, and 3-48 nuts, 


) In a Similar manner, mount the other side 
panel, 


(V) Install the four felt feet, one at atime, by re- 
moving the backing paper and installing 
them as shown, 


NOTE: A drawing of the part and its electrical 
symbol will be shown with each of the following 
headings, 


WORKSHOP BOARD 


C XL 
lom 


BE 


Y 
c SIDE PANEL 








FELT FOOT 


Detail 1-1 
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(© 
ISTOR a 
TRANSISTORS h NOTE: To mount a connector spring, insert a 


3-48 x 3/8" screw thru the opening as shown 

in Detail 1-3, Then turn the screw intothe board 

| until it is firmly in place, Do not install a nut 
4) Spread the leads of the four transistors as unless you are directed to in the step 
shown in part A of Detail 1-2. | 


/ 


NOTE: When you connect a lead (or wire) to a 
screw, always wrap it around the screw in a E 3-48 x 3/8" SCREW 
clockwise direction (the way a clock's hands 
turn). 





ы Refer to part B of Detail 1-2 and install ко EA OUNESTON SPRING 


transistors at Q1, Q2, Q3, and Q4, Use V—— s 
three 3-48 x 3/8" screws with each tran- S 

sistor, Bend the leads around the screws, “ЫШ " 
The nuts will be installed later, Be sure to “ш А Eu 
position the flat side of each transistor as НН ЫА 
shown, 


JU . 
000,806 o°, өбө 


$ 3-48 NUT 









Detail 1-3 


U 
Г 


Е. Install connector springs at locations Т1 

3-48-3/8" thru T12, 

SCREW 

(X) Refer to Detail 1-4 and Pictorial 1B, Then 
install the twelve jumper strips as shown at 
Q1, Q2, Q3, and Q4, Use #3 lockwashers and 
3-48 nuts, Tighten the screws securely, Be 
sure the transistor leads are under the 


screw heads, 
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(9) 3-48 NUT 
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(4.3 Detail 1-4 
Detail 1- 
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RESISTORS 


ШШ —^^ 


( ) Install connector springs at locations R1 
thru R22, 


Install resistors on the board as directed in the 
following steps and as shown in Detail 1-5, 
Position the color bands near the even-numbered 
connectors (R2, R4, etc,), 






NOTE: When you install nuts over wires, always 
hold the nut and tightenthe screw, This will keep 


the н from pulling the lead and damaging the 
part, 






RESISTORS FROM TO 

( ) 270 ко R2 R1 
(red- violet-yellow) 

( ) 150 KQ R4 R3 
(brown-green- yellow) 

( ) 100 kQ R6 R5 
(brown-black- yellow) 

( ) 22 KQ R8 R7 
(red-red-orange) 

( ) 10 kQ R10 R9 
(brown-black-orange) 

( ) 8200 Q R12 R11 
(gray-red-red) 

( ) 4700 2 R14 R13 
(yellow- violet-red) 

R16 R15 


( ) 1000 2 
(brown-black-red) 


mant ур 


1. BEND RESISTOR 
LEADS AS SHOWN. - 
22 
ж 





2. INSERT LEADS IN HOLES 
AND PRESS RESISTOR 
65) AGAINST BOARD. 





3-48 NUT 


tote SLE 
QR AGO Ad Pee 
e a9 a 002000967 000 


NOTE:CLOCKWISE IS THE WAY THE | 4. INSTALL A NUT ON 

HANDS MOVE ON A CLOCK. EACH SCREW. 
Detail 1-5 

RESISTORS FROM TO 

( ) 680 2 R18 R17 
(blue-gray-brown) 

( ) 470 Q R20 R19 
(yellow- violet-brown) 

( ) 562 R22 R21 
(green-blue-black) 


( ) Position the resistor leads so they do not 
touch each other, or cut off excess lead 
lengths, 
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CAPACITORS Sh —it— 


( ) Install connector springs at locations C1 
thru C16, 


Install the capacitors on the board as directed 


in the following steps, Install them just like 
vou installed the resistors, 


CAPACITOR FROM TO 
( ) 005 uF С2 C1 
( ) .01 uF C4 C3 
( ) .02 uF C6 C5 
( ) .05 uF C8 CT 
( ) 1 pF C10 C9 


NOTE: Each of the next three capacitors has 
a positive (+) sign near one end, Be sure to 
position the lead from this end as shown, to 


the odd-numbered connector (C11, С13, or 
C15), 

( ) 10 pF C12 (+) C11 

( ) 10 uF C14 (+) C13 

( ) 100 uF C16 (+) C15 


( ) Position the Capacitor leads so they do not 
touch each other, or cut off excess lead 
lengths, 


The three remaining capacitors will be connected 
later, 


SPEAKER <p> | 


NOTE: Remove your watch before working with 
the speaker, The magnet in the speaker can 
magnetize some watches and affect their opera- 
Чоп. Handle the speaker with care, Be espe- 
cially careful that you do not puncture the 

paper cone, 
























SPEAKER 


6-32 x 1/4" 
SCREW | 


LUG 
# 6 m 
LOCKWASHER mix 
r 
6-32 NUT 


#6 
SPEEDNUT 





mU 96-32 x 3/8 
á SCREW 


Detail 1-6 


( ) Refer to Detail 1-6 and push a speednut on 
each corner hole of the speaker, The curved 
lip should be up, as shown, 


Position the speaker with the lugs as shown 
in Pictorial 1B, Then mount the Speaker on 
the board with four 6-32 x 3/8" screws, 


Connect a 3" black wire to each Speaker lug 
with a 6-32 x 1/4" screw and a 6-32 nut, 


Mount connector Springs at SP1 and SP2, 
Connect one black Speaker wire to SP1 and 


the other black speaker wire to SP2, Then 
tighten the screws at SP1 and SP2, 
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ANTENNA COIL | c [caste crane], 
Е 
|| 





( ) Refer to Detail 1-7 and slide a cable clamp 
onto each end of the antenna coil, Position y 
the clamps as shown, Excess wax may be 
scraped off the end of the antenna, if neces- 
Sary, for a better fit, 


( ) Refer to Detail 1-8, position the coil as 
shown, and insert each wire into its hole, 


( ) Mount the clampstothe workshop board with 
6-32 x 1/2" screws and 6-32 nuts, 





( ) Mount connector springs at "Antenna", A1, Detail 1-7 
A2, A3, A4, and "Ground," 


( ) Refer to Pictorial 1B and connect the white | 
wire coming from hole 6 to the screw at ( ) Connect the white-red wire coming from 


Ground, Install a 3-48 nut and tighten the hole 2 to screw A2, Do not install a nut, 
Screw, 
( ) Connect а ‚001 uF capacitor from screw АЗ 
( ) Connect the white wire coming from hole 5 to screw A2, Then install #3 lockwashers 
to the screw at Antenna, Install a 3-48 nut and nuts at A2 and A3, Tighten the screws 
and tighten the screw, and position the capacitor as shown, 
( ) Connect the white-red wire coming from The two remaining antenna leads will be con- 
hole 3 to screw A3, Do not install a nut, nected later, 


T x 1/2" SCREW 
ANTENNA COIL 3 
CLAMP 








BOARD 
| RED 
eg 6-32 NUT 
Detail 1-8 
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TUNING CAPACITOR БС Y 


= 


To protect the movable plates, keep the tuning 
,apacitor in the fully closed position (see Detail 
1-9) in the following steps, 


( ) Set the tuning capacitor on your work surface 


as it appears in Detail 1-9, with the tuning 
shaft facing away from you, 


8' ORANGE 


2-56 x МА" 
6-32x1/4' SCREW 





SCREW 
0) 0 
| у! #3 LOCKWASHER 
(i | pt RE - [ ti I, 
/ = | 39 2-56 NUT 


4" BROWN 


Detail 1-9 


NOTE: Be sure to usea 6-32x 1/4" screw in the 
next step. 


( ) Connect one end of a 4" brown wire to the 
frame of the tuning capacitor, as shown 
in Detail 1-9, with a 6-32 x 1/4" screw, 


Connect one end of an 8" orange wireto lug. 
1 of the tuning capacitor, Use a 2-56 x 1/4" 

screw, а #3 lockwasher and a 2-56 nut, 

Tighten the screw, 


atm 
wi 


Refer to Detail 1-10 and mount the tuning 
capacitor to the workshop board in the 
hole marked "Tuning Capacitor," Use two 
6-32 x 1/4" screws, 


aan, 
— 





TUNING 
CAPACITOR 


м” 


— 


wi 
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\ POINTER KNOB 


| 6-32 x 1/4" SCREW 
#6 LOCKWASHER 






MOVABLE 
PLATES 
(CLOSED POSITION) 


Detail 1-10 


Attach a pointer knob tothe tuning capacitor 
shaft, Set the pointer at 550 (with thetuning 
capacitor plates closed) and tightenthe set- 
Screw, 


Connect the 4" brown wire coming fromthe 
tuning capacitor and the white wire coming 
from hole 4 to screw A4, Then install a #3 
lockwasher and a 3-48 nut, Tighten the 
Screw, 


Connect the 8" orange wire coming from the 
tuning capacitor andthe white lead from hole 
1 to screw A1, Then install a#3 lockwasher 
and a 3-48 nut, Tighten the screw, 
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6-32 x 1/4" 
fas SCREW 


SWITCH 45 "> os P ка e 


( ) Mount connector springs at locations S1 
through S6, 


( J Refer to Detail 1-11 and mount the switch 
(either way) in the hole marked "Slide 
Switch," Use 6-32 x 1/4" screws, 


en, 
— 


Refer to the inset drawing on Detail 1-12 
and place the switch insulator onthe switch, 


fU, 
— 


Connect 4" brown wires to the screws at 


54, 55, and S6, Fasten the wires with 3-48 
nuts and tighten the SCrews, 


Pes, 
— 


Connect 4" brown wires to the screws at 
51, 52, and 53. Fasten the wires with 3-48 
nuts and tighten the screws, 


NOTE: In the following steps, connect a wire to 
each switch lug as follows: 





Detail 1-11 


1. Put a lug connector spring on the lug, 


| BOARD 
2, Press down on the spring. ! | 







3. Route the wire tothe lug as shown, Then уа ER pH 
insert it thru the hole until the insula- E pe KO): F Хен 65 vum 
tion on the wire almost reaches the lug, _ _ E 


4. Release the spring, | « : A 5 _ ы 


Connect the wires as follows: 


FROM TO SWITCH LUG 


ы " E: N ‘A xm 


( ) 55 2 LUG 
CONNECTOR 
SPRING 
( ) S6 6 и 4" BROWN 
1 TN 2 
( ) 51 P 


SWITCH 
INSULATOR 


( ) 82 2 


( ) S3 3 


Detail 1-12 


R) 


HHATHEKIT 
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METER 0) 


( ) Refer to Detail 1-13 аһа attach the meter 
mounting bracket loosely to the back of the 
workshop board, Use 2-56 x 3/8" screws #3 
lockwashers, and 2-56 nuts, Then insert the 


meter and tighten the 2-56 nuts, Position the 
meter as shown, 


— 
w 


Remove the thin wire connecting the meter 
lugs. Then bend the lugs up, 


NOTE: To connect wires to the meter lugs, 


place two lug connector Springs over each 
lug. See Detail 1-13, 


( ) Connect a 3" black wiretoeach ofthe meter 


lugs with lug connector Springs, See Detail 
1-14, 


( ) Mount connector Springs at M1 and M2 on 
the workshop board, 


( ) Connect the meter wires to M1 and M2 as 
shown in Detail 1-14, Position these wires 
So their ends will not touch, Fasten the 
wires with 3-48 nuts andtightenthe screws, 


BOTTOM — [XR BEWARE I DES 
OF BOARD EGIEROE ess] [2.48 NUTS 
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Detail 1-14 
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d^ BRACKET 


LUG 
CONNECTOR 
SPRINGS 







REMOVE WIRE 
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Detail 1-13 
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2-56 x 3/8" 


Locate the control and bend the lugs as 
shown in Detail 1-15. 


Connect а 3" black wire to lug 1 anda 


3" black wire to lug 3 of the control, Use 
screws and 2-56 nuts, 


Refer to Detail 1-16 and mount the control 


with a control nut and control washer: do 
not tighten the contro] nut, 


Mount a connector Spring on the workshop 
board at V2 with а 2-56 x 3/8" screw, Be 
Sure the screw passes thru lug 2 ofthe con- 
trol. Then tighten a 2-56 nut on the screw, 


Tighten the control nut, 


Mount connector springs at V1 and V3 with 
3-48 x 3/8" screws, 


Connect the wire from lug 1 of the control 


to screw V1, Then tighten a 3-48 nut on the 
Screw, 


Connect the wire from lug 3 of the control 


to serew V3, Tighten a 3-48 nut on the 
Screw, 


Refer to Detail 1-17 and attach a pointer 


knob to the control shaft, Tighten the set- 
Screw, 
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Ве sure the Control Switch is in the full 

`` counterclockwise position, If it is not. turn 

the pointer knob counterclockwise until you 
Í 2-56 x 3/8" SCREW 





hear a click, 








Then place the pointer at the OFF position 


) Loosen the setscrew in this pointer knob | 
and tighten the setscrew, 


CONNECTOR SPRING 
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gefer to Detail 1-18 for the following steps, 


WRAP SOCKET 


г) Wrap а 2" piece of tape (not supplied) аут 


around the lamp socket, 


| ) Insert the lamp socket thru the workshop 
board (from underneath) between L1 and L2, 


( ) Mount a connector spring at L1 with a 2-56 x 2-56 NUT 
3/8" screw, Pass the screw thru the work- 25 
shop board and thru the lug of the lamp 
socket, Fasten it loosely with a #3 lock- 
washer and a 2-56 nut, 





Detail 1-18 


Mount a connector spring inthe same man- 
ner at L2, Now tighten both screws and 
straighten the socket, 
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NOTE: The plastic foot will be mounted оп the 
relay in the next step, This will keep the relay 
from being damaged when you turn the Work- 
Shop over to work on the bottom of the board, 


( ) Remove the paper backing from the plastic 
foot and installthe foot onthe relay as shown 
in Detail 1-19, 


( ) Examine the relay and note the two bent- 
down lugs, Carefully bend these lugs out 
straight as they are shown in Detail 1-19. 


=) PLASTIC FOOT 
e (Gg 2-56 NUT 
CH #3 LOCKWASHER 


2-56 x 1/4" 
SCREW 





Detail 1-19 


NOTE: It may be necessary to threadthe screws 
thru the relay terminals in the next step. 


( ) Connect a 3" black wire to each of the four 
relay terminals, See Detail 1-19. Use 
2.56 x 1/4" screws, #3 lockwashers, and 
2.56 nuts, Position the wires as shown, 
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Detail 1-20 


( ) Refer to Detail 1-20, insert these wires into 
the correct holes, and mount the relay on the 
board, Use the two 4-40 x 1/4" screws, Do 
not tighten screws, 


( ) Connect a 3" black wire to the indicated 
relay mounting screw, as shown in Pictorial 
1B, Then tighten both screws. 


( ) Mount connector springs at RY1 thru КҮ5 
(five springs) with 3-48 x 3/8" screws, 


( ) Connect the five relay wires tothe connector 
screws with 3-48 nuts as shown in Pic- 
torial 1B, 


WIRING 


( ) Mount connector springs at N1, N2, №, 
and №4 with 3-48 x 3/8" screws. 


( ) Connect the length of bare wire from N1 to 
N2, N3, and N4, Wind the wire once around 
each screw, 





() 


() 
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Detail 1-21 


Connect ап 8" orange wire to №. Then 
install 3-48 nuts оп N1, N2, N3, and N4, 
Tighten each of these screws, 


Insert a 3-48 x 3/8" screw at location 
"Y" (see Pictorial 1B). 


Connect a 4" brown wire to the screw at 
"Y". The other end will be connected later, 


Connect one lead of a ,1 uF capacitor to the 
Screw at "Y", Then install a 3-48 nut and 
tighten the screw, 


( ) Mount connector springs at B1, B2, B3, and 


B4 


( ) Connect the other leadofthe,1 uF capacitor 


to B4, Press the capacitor and leads flat 
against the workshop board as shown, 


( ) 


— 
~ 


Connect a 12" black and a 4" brown wire to 
B4 with a #3 lockwasher and 3-48 nut, The 
other ends will be connected later, 


Connect the other end of the 4" brown wire 
coming from B4 to B3 with a 3-48nut, Then 
tighten the screw, 


Connect a 4" brown wire between B1 and B2, 
Install 3-48 nuts at B1 and B2 andtighten the 
SCrews, 


Refer to Detail 1-21 and mountthe front and 
rear panels with 3-48 x 3/8" screws, #3 
lockwashers, and 3-48 nuts, Install all 
twelve screws and nuts before tightening 
the screws, 
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POWER SUPPLY 0+ J oS 


( ) Refer | 
el Detail 1-22 and mount a battery 
o the rear panel, Use four #6 sheet 


metal screws. and i 
before tighteni ng start all four screws 





NOTE: Fi 

da Fiber shoulder washers are used in the 

to pa E Steps, These washers allow a Screw 
pass thru the metal bracket without touching 


P Be sure the shoulder part of the washer 15 
in the mounting hole, 





4" BROWN WIRE 
FROM у е 


8" ORANGE WIRE 
( ) Assemble the battery spring and fiber wash- Li d 


ers to the end of the battery bracket as 
shown in Detail 1-22, 

( ) Refer to Detail 1-23 and connect the 4" е 
brown and 8" orange wires to the screw in 
the end ofthe battery bracket, Use a £6 lock- 
washer and a 6-32 nut, 
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Detail 1-22 
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Refer to Detail pee assemble the fiber ( ) Connect the 12" black wire coming from the 
washers sie a 3 | wire to the end of battery bracket to lug 4 on the control; use 
the other battery bracket, а lug connector spring as shown. 





) Mount this battery bracket to therear panel ( 
as shown with four #6 sheet metal screws, 


~ 


Connect the 12" black wire coming from B4 


| to lug 5 on the control, Use а lug connector 
Hart M iour Богема before tightening, Spring, Position the wires so the bare ends 
Cannot touch, 
NOTE: In the next two steps, route the two 12" 
wires under the bare wire between N2 and N3 ( ) Carefully peel away the backing paper from 
as shown, 


the battery label, Then press the label in 
position so the negative (-) end is toward 
the speaker, 
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КЕҮ 


сх» -—— 3-48 x 3/8" 


SCREW É СОМ e 
ЭРЕК" 


( 
) EB : connector spring and a jumper 
p at K2 as shown in Detail 1-25. 


KNOB 
( ) Attach a knob to the key as shown, =; | 





( ) Wegen the key and a connector spring at K1 
= shown, Align the key soithits the jumper 
rip mounting screw when it is pressed, 







A 
г» 


3-48 х 3/8" 
SCREW 


| Е 
( ) Install the lamp in the lamp socket. E 6-32 x 3/8" SCREW au 
CONNECTOR 


( ) Carefully peel away the backing paper from SPRING d кейн SEM 

the blue and white identification label, Then K2 = 

press the label onto the base as shown in xx. Лес" JUMPER 2 
Pictorial 1B, Refer to the numbers on this | = e 


label if you writetothe Heath Company about 









this kit, 

( ) Sign and date the label on the FCC Certifi- le. lam 
cation Form (597-472). | 

( ) Cut out this labelandtape it ontothe base as 


shown in Pictorial 1B. 
6-32 NUT 
This completes the assembly of the base of your 

Electronic Workshop. Carefully inspect allcon- 

nections for loose wires, Gently twist each 

connector spring and tighten any that are loose. 

Be sure a nut 15 installed on each exposed screw Detail 1-25 
and that all screws and nuts aretight, Make sure 

all] wire and lead ends are placed во that they 


cannot touch any other connection, 


Q 
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Refer to Pictorial 2 for the following Steps 





) Remove the paper backing апа press a felt 


foot into place on each end of the remote 
chassis bottom flange, 





) Refer to Detail 2-1 and connect а 4" 


brow 
wire to each speaker lug as shown, j 





() Push a speednut on each corn 
speaker, The curvedlip shoul 
as shown, 


er hole of the 
d be positioned 
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_ () Mount the speaker in the remote chassis 
with the lugs positioned as Shown, 
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) Refer to Detail 2-2 and assemble a con- 
nector spring and two fiber washers, with 
a speaker wire at SP3 as shown, 


~~ 


In a Similar manner, mount a jumper strip 
and connector spring at the corner of the 
Remote Station K3 as shown, 


) Fasten the other end of this jumper strip 
to the remote chassis as shown, 


) Assemble a connector spring and the re- 
maining speaker wire at COM as shown, 


= 


Attach a black knob to the key as shown, 


= 


Mount the key оп the remote chassis as 
shown, Align the key so it hits the jumper 
strip mounting screw when it is pressed, 
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( ) Remove about 1/2" of insulation from 
each end of the 25 foot white and 25 foot 
white-blue wires, 


These two wires willbeusedinthe Experiments, 
You may want to roll them up and place a rubber 
band around them until they are calledfor later, 


BATTERY INSTALLATION 


( ) Turn the Control on the Workshop to the 
OFF position and insert the batteries inthe 
battery bracket, Be sure to positionthem as 
the label shows, 


The Workshop '35" Assembly section is now 
complete, Be sure to read the next section, 
"How To Do Experiments," before you start 
the Experiments themselves. 
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HOW TO DO EXPERIMENTS 
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OPERATION AND 


HOW IT WORKS 
ADJUSTMENT (THE SCHEMATIC DIAGRAM) 


A TYPICAL EXPERIMENT 


Before 
Short p 
tells y 


you start an Experiment, read the 
aragraph just after the title; this 
ou what it is all about, Then, to put 

е Experiment together, just install the 
Wires аз they are listed inthe Wiring Chart — 
and shown in the Pictorial, (To connect a 


Wire, just Slip the end of it in between the 
ns of a Spring ) 
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When all the wires are installed, the Operation section will tell you about any adjustments 
ы must make, It will also tell you how to use the device you have ent t built, If the 
Xperiment does not operate as it should, refer to "In Case Of Difficulty" on Page 153, 


After you have completed an Experiment, remove the wires from the springs and set them 
aside where you can easily get them for the other Experiments, 













NOTE: Any group of electronic parts that are connected together to do something useful 
is called a circuit, For example, you will build a Code Flasher circuit 1n Experiment 1, 
and a Rain Alarm circuit in Experiment 6. 





HOW TO UNDERSTAND THE EXPERIMENTS 


Read the "Parts" and "What Happens In The Circuit" sections to see how the Experiments 
work, The Parts section will explain how each part works (in the Experiment where it 
is first used), and will show the symbol for each part, The symbol for a resistor, for 
example, looks like this:^vvv. 


„Д 
(“HOW EACH PART ED : 
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To understand the Experiments best, perform them as they occur (1, 2, 3, etc.) in the 
Manual, Then you will not use any part until after you learn how it works, This will also 
make it easier for you to build and understand the larger, more complicated Experiments 
that occur later, 


In each Experiment, the "What Happens In The Circuit" section uses the parts symbols in 
а schematic diagram, This schematic shows how the parts are connected together; 
and a few small paragraphs are on it to tell you how the circuit works, Be sure you know 
how each part works (see the parts descriptions) before trying to understand the schematic. 
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The illustration above is includedto show youthe kind of schematic that an engineer would 
use, This is the same as the Schematic for Experiment 6 on the fold-out from Page 55, 
Note that diamond-shaped symbols are added to it on this fold-out, These symbols are 


on all of the schematics in this Electronic Workshop to show you where the Spring 
connectors are at, 


EXPERIMENTS 





Use the following list if, during an Experiment, you want to reread the explanation for 
one of the parts, The Dictionary (Pages 159 to 161) has additional information about 


most of these parts, 
PART 
Antenna Coil 
Battery 
Capacitor 
Control 
Earphone 
Key 
Lamp 
LDR 


Meter 


Refer to the following Pages for a brief 


subjects, 
THEORY 
Amplify 
Antennas 
Burglar Alarms 


Earphone as a 
Microphone 


Ground Connections 
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PAGE 
116 

31 

54 

36 

60 

32 

32 

96 


36 


РАСЕ 
60 
113 


86 


63 


114 


РАВТ РАСЕ 
Relay 55 
Resistor 36 
Sensor 55 
Speaker 60 
Switch 32 
Transistor 90 
Tuning Capacitor 115 
Wire 32 


theory explanation on each of the following 


THEORY PAGE 


Insulator 35 


Positive (+) 


Negative(-) 159 
Signals 60 
Voltage 41, 50 
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Code Flasher 


ok up the Remote Station with 


You will also ho | 
can send signals from two 


long wires so you 
locations, 


The C ; 
m oce ‚ MN circuit you build in this 
Kev. Use thi ill flash a signal when you press the 
the "inf | 15 circuit to send messages and learn 

ernational Morse Code (see Page 162). 
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WIRING CHART 



































* NOTE: THE COM AND K3 TERMINALS 
ARE ON THE REMOTE STATION. 


OPERATION 
TESTING THE FLASHER 


( ) Turn the CONTROL clockwise until it 
clicks ON, 


( ) Press the KEY on the Workshop; the Lamp 
should light, The Lamp should also light 
when you press the KEY on the Remote 
Station, If the Lamp does not light, refer 
to the "In Case Of Difficulty" section 
(Page 153). 


USING THE.CODE FLASHER 


Look atthe International Morse Code on Page 162, 
See how each letter and number is represented 
in code by a certain combination of dots and 
dashes, "E", for example, has only one dot, "T" 
has only one dash, 


Hold the KEY down briefly to send a dot, and 
longer to send a dash, You will find, when you 
learn the code, that you can send signals and 
receive them quite rapidly, You might want to be- 
gin practicing by sending your name in code, 


( ) Turn off the CONTROL when you are thru 
using the Code Flasher, 


PARTS 














| AM AN ELECTRON AND | 
HAVE MANY BROTHERS. А 

GROUP OF US MOVING FROM 
ONE PLACE TO ANOTHER ARE 
CALLED AN ELECTRIC CURRENT. 
ALL TOGETHER WE ARE CALLED 








ELECTRICITY. 


BATTERY - A battery makes elec- 
tricity by pushing electrons out one 
end and letting them flow in the other 
end, When a battery is wired to 
other electronic parts, it pushes 
an electric current thruthese parts, 






















LET'S GET OUT OF THIS 
CROWD, THE OTHER SIDE 
15 ALMOST EMPTY. 
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WIRE - Wires form a path the elec- 
tric current can flow thru, like a long 
line of people going thru a crowded 
tunnel, 


SWITCH - A switch opens and 
closes like a drawbridge, It lets 
current flow thruthe wires and parts 
from one side of the battery to the 
other, 


There are two switches in your 
Workshop: the Slide Switch and the 
Control Switch, The Control Switch 
is attached tothe back of the Control, 


The KEY also acts like a switch, 
When it is pressed down, it lets the 
current flow, 


LAMP - Electric current flows into 
one terminal, thru the filament, and 
out the other terminal of the lamp. 
The current makes the filament get 
white hot, The white hot filament 
gives off light, just like a smallfire 
would, 


NOTE: A more complete description 
for most of these parts can be found 
in the Dictionary on Page 1589, 


O BOY, A TUNNEL 
TO GO THROUGH. 



















STOP! WE CAN'T 
GET ACROSS THE 
BRIDGE. 






THE BRIDGE 1$ OPEN 
NOW, WE JUST MADE 
IT ACROSS, 







OO 
DU О 

B . 
енто 
тте 


SWITCH 





SQUEEZING 
THROUGH HERE SURE 
MAKES IT HOT. 







THIS PATH IS 
GETTING SMALLER 
AND SMALLER. 






AM I GLAD 
TO BE OUT 
OF THERE, 
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WHAT HAPPENS IN THE CIRCUIT 


The CONTROL SWITCH must be 
turned on so the Code Flasher can 
operate, Then current can pass thru 
it when the Key is pressed, 





The WIRE makes a path for the cur- | 
rent to get from one parttoanother, 


When the KEY is pressed, current 
flows thru it to the other parts, 


The LAMP glows when an electric P 
current goes thru it, 


The BATTERIES supply electricity 
to the rest of the circuit, 


Bh. 
—— d 
~~~ WORKSHOP / 


€ CONTROL 
SWITCH 


ede RR 


THINGS TO DO AFTER THE EXPERIMENT 


You may wish to add another lamp to this cir- 
cuit at the Remote Station, This willallow you to 
Signal back and forth with a friend in another 
room, Youmay purchase additional wire, another 
#47 lamp, and a lamp socket from your local 
radio TV store, Leave your Workshop wired 
and attach the new parts as follows: 


( ) Attach a long piece of wire to one terminal 
of the new lamp socket, 


( ) Attach a short wire to the other terminalof 
the new lamp socket, 


( ) Install the #47 lamp in the new lamp socket, 


( ) Attach the long wire to B3 on the Workshop 
base, 


( ) Attach the short wire to K3 on the Remote 
Station, 


Both lamps will now flash when either Key is 
pushed, 
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EXPERIMENT 2 
Continuity Tester (Ohmmeter) 


This Tester may be used to see if various connect your Workshop to the items being 
materials (such as wood, paper, metal, etc.) tested, These test wires will be called TEST 
will conduct electricity, Two 14" wires will PROBES, 
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OPERATION 


CONTINUITY TESTER CALIBRATION 
( ) Turn the CONTROL to position 1. 
NOTE: The dots on the Meter stand for numbers 


1, 2, 3, and 4, Seethe accompanying illustration, 


12 3 4 


ҮП 


Oe ө ө ө5 


METER 
FACE 


( ) Touch together the ends of Test Probes V3 


and N3, The Meter should read between 2 and 
3. 


( ) With the Test Probes touching each other, 
turn the CONTROL clockwise until the Meter 
reads at 5, (Remember: clockwise is the 
way the hands on a clock turn.) 


NOTE: If the Meter fails to read, refer to "In 
Case Of Difficulty" on Page 153. 


APPLICATIONS 


WARNING Do not test anything that is plugged 
into a wall outlet, like a lamp or toaster, You 
could seriously hurt yourself and your Electronic 
Workshop. Batteries should not be tested either, 
as this could damage the Meter. 





NOTE: Some of the following things will conduct 
electricity and make the Meter read, andothers 
will not, With good conductors, the Meter needle 


" mM a ~ 


will point to 5, With poor conductors it will point 
to 2 or 3, If the needle stays at zero, the material 
is an /nsu/ator,a material that will not conduct 
electricity at all, 


Test each of the following items by touching both 
Test Probes to it atthe same time: a coin, paper 
Clip, black pencil lead, colored pencil lead, 
crayons, dry paper, wood, wet paper and glass, 


NOTE: It is quite harmless for you to touch the 
Wires in your Workshop because they are all at 
low voltage levels (6 volts or less), But never 
touch wires in other electric circuits Or you 
could receive a bad electric shock, 


Hold the Test Probes between your fingers to see 
how much electricity your body will conduct, 
Then wet your fingers and see the difference, 
Water helps other objects conduct electricity, 


Turn off the CONTROL when you are thru using 
the Continuity Tester, 


PARTS 


OLD PARTS 


SWITCH 


BATTERY 
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NEW PARTS 


RESISTOR - The important thing 
about aresistor is its electrical size, 
Its electrical size is stated in "ohms 
(Q)." For example: 22 Q, or 47 9, 





If a resistor is small (in electrical 
size), current flows thru it easily, 
But it is much harder for current to 
pass thrua large resistor, Resistors 
allow only a certain amount of cur- 
rent to flow in a circuit, 


КО = Ох 1000. For example, 22 КО 
= 22 2 x 1000 = 22,000 Q, 


CONTROL - A control isa resistor 
whose electrical size can be changed, 
When you turn the shaft one way, its 
resistance gets larger, When you 
turn the shaft the other way, its re- 
Sistance gets smaller, 





METER - A meter measures the 


amount of electric current that flows 
thru it, 











WE HAVE TO 
MOVE THE POINTER 


ae j 





BOY THIS SURE IS A HARD 
... MOUNTAIN TO CLIMB. 


SMALL 
ELECTRICAL 
SIZE (Q) 





LARGE 
ELECTRICAL 
SIZE (9) 








THIS MOUNTAIN IS 
MUCH BIGGER, SO IT IS 
MUCH HARDER TO GET 
ACROSS. 







RESISTOR 


"Es QAO 








WE COULD GET THROUGH 
A LOT EASIER IF SOMEONE 
WOULD ONLY MOVE THIS 
ARM UP FURTHER. 








CONTROL 











YOU PULL AND 
| WILL PUSH. 
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WHAT HAPPENS IN THE CIRCUIT 


The CONTROL is adjusted so just 
enough current will flow to make the 
meter read at 5 when the probes are 


touched together, 


The METER indicates when current 


is flowing. More elaborate meters 
have marks that show you how much 
current is flowing. 















The TEST PROBES connect the Con- 
tinuity Tester to the items to be 
tested, Electric current can then 
flow thru this item andthe Tester (if 
the item is made of material that 
current can flow in). 


A 
CONTROL \ 





The BATTERIES supply 














\ electricity to the rest of the 
\ circuit, 
nit + : 
A EST i yada 
PROBES 
" CONTROL ока 
6 VOLTS SWITCH The RESISTOR makes sure 
that too much current does 
This SWITCH connects the 
= batteries to the rest of the not ag Too much current 
cireni. would burn out the meter. 


THINGS TO DO AFTER THE EXPERIMENT 


Ask your family or friends for other things you 
might try, Test the items by touching both Test 
Probes to them. Some items you could try are: 


nails, screws, pots without Teflon*, pots with 
Teflon, aluminum foil, and boxes, 


*DuPont Registered Trademark 
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EXPERIMENT 3 
Battery Tester 
Tester will test one Workshop battery atatime, 


Use these Testers to check the Workshop bat- 
teries if an Experiment does not work, 





In this Experiment you will build two different 
testers, The 6 Volt Tester will test all four 
Workshop batteries together, The 1-1/2 Volt 
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R16: 10009 
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600 1000 
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550 1600 
GROUND Q O 
TUNING ет 
® 


== CAPACITOR Ф CONTROL 
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WIRING CHART 

















6 VOLT TESTER OPERATION 


Turn the CONTROL to ON, The Lamp should If the Meter indicatesthat the batteries are weak, 
light brightly and the Meter should read between all of them may not need to be replaced, Use 
4 and 5 if the batteries arefresh, A Meter read- the following 1-1/2 volt tester to check each of 
ing below 2-1/2 indicates weak batteries, the four batteries separately, 


NOTE: If the Meter fails to read, refer to "In ( ) Turn the CONTROL off and disconnect all 
Case Of Difficulty" on Page 153, wires, 
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1-1/2 VOLT TESTER 
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WIRING CHART 


Ок Геом o 
Е Т 
тшшш ШИШ 





TWO 8" ORANGE 


Ш NM 
TEST PROBES ү o o 


TWO 14" BROWN +) BATT. TERM. 


О |) BATT. TERM, 
Mum ша 
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1-1/2 VOLT TESTER OPERATION 


Position one of the Workshop batteries as shown, should light dimly and the Meter should read be- 
Turn the CONTROL to ON, tween 4 and 5, If the Lamp fails to light and the 
Meter reads less than 2-1/2, the battery should 


be replaced, 
Touch the Test Probe from 12 to the positive T ff the CONTROL 
battery terminal and the Test Probe from R11 ( ) Turno н 


to the negative battery terminal, The Lamp ( ) Reinstall the batteries, 


PARTS 


OLD PARTS 


BATTERY SWITCH 


= —o^o— 


— 





THEORY NOTE: Current is pushed thru a circuit 


by electrical pressure, This pressure is called 
"voltage," 


There is 1-1/2 volts of electrical pressure in 
each of your batteries, When all four batteries 
are used in this manner, the voltages add 
together, producing a total pressure of 6 volts, 





(в) 


J— 
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WHAT HAPPENS IN THE CIRCUIT 


This SWITCH connects the 
batteries to the rest of the 
circuit, 


CONTROL 
SW ITCH 


Here, the BATTERIES are being 
tested to see if they make the right 
amount of electric current, 





The LAMP uses current so 
the batteries are working as 
they are being tested, 





The RESISTORS let the right amount 
of current flow sothe meter willread 
between 4 and 5 with good batteries, 


x The METER shows the condition of 
the batteries, 


6 Volt Tester 
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The METER shows the condition of 
the battery, An indication between 4 
and 5 shows that the battery is good 
as new, 





The LAMP uses current so the bat- 
tery 1s working as it is being tested, 











TEST PROBE 


| 
The BATTERY is tested to see if it 
makes the right amount of current, 


1-1/2 Volt Tester 









The RESISTOR lets the correct 
amount of current flow so the meter 
will read at 5 with a good battery, 






THINGS TO DO AFTER THE EXPERIMENT 


You may also use the 1-1/2 Volt Tester to check more than 1-1/2 volts, 


other 1-1/2 volt type "D" andtype "C" batteries, damage your Workshop, 
DO NOT use this tester to check batteries of 


This could seriously 
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EXPERIMENT 4 
Diode Tester 


In this Experiment you will see how a diode af- 
fects an electric current that tries to flow thru 
it. Actually, there are no diodes in your Elec- 
tronic Workshop, Therefore, you will use 1/2 of 
а transistor as a diode, A transistor, in simple 
terms. is like two diodes in one container, 





в > " 


ANTENNA 


тока RD 
150 KA R3 
100 ка. n5: 
22 40 ВТ 
окп R9 


R8 


NONE 
R10 


R6 





R12 8200 RII 


R25 


(ОМ 


700 — 800 
600 1000 
а 1200 
550 1600 
GROUND Qi ( 
TUNING 
e CAPACITOR ( 






R14: 47009 R13 


TRANSISTORS 


CONTROL 


The Slide Switch will be used inthis Experiment, 
When you push this Switch from one position to 
the other, it will do the same thing in the Tester 
that you would do by switching the positions of 
the Test Probes, This will make current go both 
ways thru what you are testing, one way for each 
switch position, 


Å 
B4 SWITCH 


8 Ф + 6V Е 
CONTROL || 


: 56 п В І: 





6800 R17 
470. R19 









“R16 1000 0 R15 
ER 202 





R18: 
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_ TWO 3" BLACK 


THREE 4" BROWN 





| 
| 
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WO 6 RED 














ONE 8" ORANGE 








TEST PROBES 











OPERATION 


( ) Position the two Test Probes so they do not 
touch each other or any other metal object, 


( ) Turn the CONTROL to 8, 


( ) Press the KEY and push the SLIDE SWITCH 
back and forth, Note that there is no meter 
reading now, since no current can get from 
one lead to the other, 


( ) Press the KEY, touch the two Test Probes 
together, and adjust the CONTROL until the 
pointer is at 5 on the Meter, 


Checking A Lamp With The Tester 


( ) Refer to Pictorial 4-4B and connect the 
loose end of the Test Probe comingfromS1 
to L1. 


( ) Connect the loose end of the Test Probe 
coming from S4 to 12, 


D 

g- FM a = 
M wu О! 
e А A 





SWITCH 


PICTORIAL 4-4B 


The Lamp is now connected tothe Tester circuit, 
(The Lamp will not light, though, because not 
enough current is going thru it.) 


( ) Press the KEY to turn on the Tester, and 
push the SLIDE SWITCH back and forth, 
Note that the Meter reads at the same place 
in both SWITCH positions, This indicates 
that the same amount of current goes thru 
the Lamp in each direction, 
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CHECKING A DIODE (E to B on Q4) 


( ) Refer to Pictorial 4-4C, Then disconnect the 
Test Probe from L1 and connect it to T10, 


( ) Disconnect the other Test Probe from 12 
and connect it to T12. 


( ) Press the KE Y and push the SLIDE SWITCH 
back andforth, Note that the meter now reads 
in only one SWITCH position, This indicates 
that current will only go in one direction 
thru a diode, 


Ф 


— — 6: меч - 


CONTROL 


+ 
B4 








zK10: 1000 NERIS 


WV 
£e аА Пр 
сМ $5 // 56 


‘al: © 


POSITION 1 POSITION 2 
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fete 





PICTORIAL 4-4C 








лса Йй | 


CHECKING A DIODE (C to B on Q4) 


( ) Refer to Pictorial 4-4D, Then disconnect the 
Test Probe from T12 and connect it to T11, 


( ) Press the KE Y and push the SLIDE SWITCH 
back and forth, The meter should read in 
only one SWITCH position, 


( ) Turn off the CONTROL, 
APPLICATIONS 


You have just seen what happens when you test 
a good diode, The diode only passes current in 
one direction, If a diode were bad, either no 
current would flow either way (an "open" diode) 
or current would flow both ways (a "shorted" 
diode), 


4^ "m n 
B4 ess И 


VOS 









SWITCH 


PICTORIAL 4-4D 
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PARTS 


OLD PARTS 





BATTERY oe KEY RESISTOR 
У [x9 > 
-| о | —^^^— 


WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from this Page. 


THINGS TO DO AFTER THE EXPERIMENT 


You can also think of transistor Q1, Q2, or Q3 diodes not in the Workshop, but they must be re- 
as two diodes, You can check the diode action moved from the unit they are a part of before 
between E and B or between B and C of any of | you can check them, 

these transistors, You can also check other 


Diode Tester 


2 3 4 9 


Current should only flow thru a 
diode in one direction, 
















The CONTROL is adjusted to make 
the meter read at 5 when current 
flows thru the diode being tested, 





























For Example: If the SLIDE SWITCH \ \ 

is in POSITION 1 and current flows N \ / 

thru the diode, current will not Y \ П 

flow in POSITION 2 unless the diode \ 

is faulty (shorted), 4 |ООКО 
X CONTROL 






The SLIDE SWITCH reverses the 
connections between the test probes 
and the diode. This changes the way 
the current tries to flow from the 
tester to the diode, You could do 
the same thing by reversing the 
positions of the test leads, 


Кя E 
Fr 





SLIDE / 
SWITCH / 
ESSSSSSNXI 
POSITION 1 «— ———— -> POSITION 2 






The RESISTOR makes sure 
too much current does not 


@ 
flow, Too much current 
<54> <se> would damage the meter, 


ESSSSSSSS 
ө Q 











The BATTERIES supply / 
electricity to the rest of the 
circuit, {_ 
==. — 
<> ИЕ 
CONTROL 
6 VOLTS SWITCH 


This SWITCH connects the 
batteries to the rest of the 
Circuit, 


TEST PROBES 
4 










The TEST PROBES connect the 
Tester to the diode to be tested, 
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EXPERIMENT 5 
Transistor Tester 
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WIRING CHART 
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CALIBRATION 


( ) Connect the Test Probe coming from R8 to 
N2, 


( ) Be sure the other two Test Probes do not 
touch each other, 


( ) Turn the CONTROL to ON, Then increase the 
setting until the meter reads ''5'', Leave the 
CONTROL set at this position, 


( ) Disconnect the Test Probe from N2, 


( ) Connect this Test Probe to T2, 
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( ) Connect the Test Probe coming from R5 
to T1, 


( ) Connect the Test Probe coming from N3 
to T3, 


The Tester is now wired with the Test Probes 
connected to test Transistor Q1, 


OPERATION 


NOTE: You will test thetransistor (Q1) when you 
press the KEY, The KE Y lets current pass thru 
one-half of the transistor (between E and B), 
If the transistor is good, this will make current 
go thru the other half of the transistor (between 
E and C) and the Meter, 


( ) Push the KEY; the Meter pointer should 
move to 5, This indicatesthatthe transistor 
is good, Release the KE Y, the Meter pointer 
Should go back to 0. 


You can also test the other transistors on your 
Workshop, Just connect the Test Probes as 
follows; 






TO CHECK CONNECT THE TEST | 
TRANSISTOR PROBE COMING FROM 






( ) Turn off the control, 


PARTS 


OLD PARTS 


BATTERY SWITCH 


RESISTOR 


G+ J| oe | | 


| оъ 
-0 о 
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NEW PARTS 


TRANSISTOR - Most transistors 
have three parts: an emitter, a base, 
and a collector, А small amount of 
electric current at the base (B) can 
control a large current flowing be- 
tween the emitter (E) and collector 
(C), This (B) is something like the 
valve (in the faucet) that lets water 
flow (E to C) thru your garden hose, 





THEORY NOTE: To operate properly, many 
parts (like transistors for example) must have 
a particular amount of voltage (electrical pre- 
sure, see the "Theory Note" on Page 41) at 
each terminal, The design engineer gets the 
right amount of voltage at each terminal by 
using resistors of just the right size, The re- 
sistor uses up some of the pressure, 


COLLECTOR 
BASE 






EMITTER 












W HY IS IT 
EASY - THEN 
HARD - TO GO 
THRU THE 
TRANSISTOR? 


BECAUSE THE GUYS 
AT THE BASE KEEP 
CHANGING THE VALVE. 






TRANSISTOR 


Р" Раре 5 
IX Е АтЕҥ гт (/? аре ol 


C 








WHAT HAPPENS IN THE CIRCUIT 








The KEY turns on the Transistor 
Tester, 






The METER shows the condition of 


the transistor, 5 indicates a good 
transistor, 






ғ 
\ / This SWITCH connects the 
М. / batteries to the rest of the 
EN / CONTROL roui 
/ SWITCH 


















This RESISTOR connects the 
right amount of voltage tothe 
transistor (at B), 


оока 


METER 


The BATTERIES 
supply electricity 
to the rest of 
the circuit, 







— 6 VOLTS 


—— 


TEST 
PROBE 


————— 






TRANSISTOR 
UNDER TEST 


/—— 










i 
TEST PROBE i This RESISTOR connects the 


| right amount of voltagetothe 
/ transistor (at C), 





The TRANSISTOR is tested to see if 
it allows the right amount of current 
to flow thru it and the meter, 






The CONTROL is adjusted so the 
meter will read at 5 when the tran- 
sistor is good, 
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Ват Alarm 


This Ваш Alarm circuit will turn оп а Lamp 


when the rain sensor gets wet, 
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RAIN SENSOR 
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Many of these Experiments will use all three 
columns in the Wiring Chart, The first line on 
the Chart below, for example, calls for two 
3" wires by listing connecting points R6, T4, and 
ТЗ. This means to connect one 3" wire from R6 
to T4 and another 3" wire from T4 to T3, 
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OPERATI 
MAKING A RAIN SENSOR 


O 


N 


( ) Get a small piece of wood about 3" wide by 
5'' long, 


( ) Obtain a 2" wide by 4" long piece of alumi- 
num foil (such as used for cooking purposes). 


( ) Cut the foil up the center as shownin illus- 
tration #1 above, 


( ) Place the two foil pieces on the board and 
leave a space between them that is equal 
to the width of a piece of hook-up wire, 


( ) Push thumbtacks thru the ends of the foil 
strips and partially into the board, 


0 о № 
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" X 5" BOARD 







ALUMINUM 

FOIL | 
ALUMINUM 
FOIL 





SPACE 

BETWEEN 
2 PIECES 
OF FOIL 


























CUT HERE 
TO TI 


( ) Connect the 25 foot white wire coming from 
R4 to the thumbtack at A, 


( ) Connect the 25 foot white-blue wire coming 
from T1 to the thumbtack at B, 


( ) Press thumbtacks А and Bdown sothe wires 
are tight against the foils, 


( ) Connect a 3" black wire to the tack at C, 
( ) Connect a 3" black wire to the tack at D, 
( ) Press tacks C and D down sothey are tight, 


Be sure the 3" black wires are straight and 
do not touch each other, 


TESTING 


( ) Turn the CONTROL to position 1, The 
Lamp should not light, If the Lamp does 
light, the foil pieces or the 3" wires are 
touching each other and should be separated, 


( ) Moisten your finger andtouch the two alumi- 
num foil pieces at the same time, The Lamp 
Should light, 


( ) Remove your finger, The Lamp should go out, 


( ) Turn off the CONTROL, 
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USING THE RAIN ALARM 


Place the sensor out the window or wherever 
you want to check for water, Your rain sensor 
is now ready for use, The Lamp willlight when- 
ever the rain sensor gets moisture on it (rain, 


(в 
лагат di | 


The uses of the гаш alarm are not limited 
to just detecting rain or snow, For example 
if you are filling a tub or wading pool and the 
water turn-off is not near, you can put the sensor 
in the tub or pool at the height you want the 
water to be, Then the Lamp will light when the 


snow, dew, mist, fog). 


NEW PARTS 


water reaches the 3" 


PARTS 


OLD PARTS 


BATTERY 


SWITCH 


CAPACITOR - A capacitor has two 
sides, called plates, that are not 
electrically connected to each other, 
(An insulating material keeps the 
plates from touching each other.) 


Electrons can pile up and be stored 
up on one plate, but they cannot get 
thru to the other plate, A current can 
get thru a capacitor only if its elec- 
trons pile up and unpile quickly (as 
they pile up on one plate, they make 
electrons leave the other plate). 


Current from a battery does not pass 
thru a capacitor; the electrons just 
pile up on one of the plates and stay 
there, But the currents in a signal 
do passthrua capacitor because they 
are always changing, This lets the 
electrons pile up and unpile quickly 
on the plates, 
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INSULATING 


4 MATERIAL 


OF YOU GUYS 


black sensor wires, 
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RELAY - When current goes thru 
its coil, a relay acts like а magnet, 


The coil then pulls a steel arm down 
against it, 


This arm acts like a Switch, With no 
current in the coil, the arm contact 
touches contact #2, When the arm is 


pulled down, the arm contact touches 
contact #1, 


NOTE: "N O" is printed on the Work- 
Shop board between RY3 and RY4, 
These initials mean that these two 
contacts are "Normally Open" (not 
touching) when no current is flow- 
115 in the relay coil, The initials 
“N С", between RY4 and RY5, mean 
that thesetwo contacts are "Normal- 
ly Closed" (touching) when no cur- 
rent is flowing in the relay coil, 


SENSOR - When the sensor gets 
wet, current flows thru the water 
from one foil to the other, 


E CONTACT #2 








COME ON, LET'S GO 
DOWN AND HELP 
MOVE THE АКМ. 







IF A LOT OF US GO 
THRU THE DOOR 
WE CAN MOVE 
THE ARM. 







WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from this Page, 
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show that the 


The LAMP lights to sensor is 


Alarm is working and the 
wet, 


This current turns on 91, Current 


then flows thru Q1, between E and 
С 

















/ 
When the SENSOR gets wet, the water The current thru Q1 turns on Q2, / ает thru the RELAY coil makes 
forms a path for current between the Current then flows thru Q2 and the / lik joue (RY4 and RY3) close. 
Edu duced Den owe терг. / : € a Switch, Current then has а path 
thru the sensor to the base (B) of / © flow thru the lamp from the 
b: / batteries, 
R СЕ 825—835 ! <: i - 
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4 JES supply 4 
\ i hs Cres electricity to the rest of the 
\ «г> N С: circuit, 
v 
\ ^ T 
УУ, IOpF 
Y <> \ RSD 
// A X 
RAIN N 
SENSOR \ 
\ 
d <a> d» > 
\ 


The CAPACITOR filters out 
signals that are not wanted, 
Any unwanted signals gothru 
it instead of going thru Q2to 
the relay, 


When the KEY 15 closed, current 


flows thru it to the capacitor, con- 
trol. and 22 КО resistor, 








L> 


оока 
CONTROL 


The Current flowing in the 22 КО 
RESISTOR turns on TRANSISTOR 
Q4, Battery current then flows thru 





Timing Relay 






Current thru the RELAY makes its 
contacts (RY4 and RY3) close, like 
a switch, Current then has a path 
to flow thru the LAMP from the 
batteries, 







(between E and C) and thru the 













\ / 
\ / 
" «D \ HM / 
\ / 
/ 
i — — 
\ Г q 
\ ! | di 


\ | І І 
\ ГД P 2 
\ — | <> 
\ | | 
\ | | | 
\ | | | 
\ | | | 
\ l i | 
\ @ ' | 
\ i-e E 1 
\ 


conne ts № 


A, Н с 
This SWITCH rest of te 


batteries to the 
circuit, 


CONTROL 
SWITCH 


The BATTERIES supply + 
electricity to the rest of the 
circuit, 


6 VOLTS 


DUI 








This RESISTOR connects the 


The LAMP glows when an 
electric current соеѕ thru it, 
right amount of voltage to Q4, Е) 


99 





This RESISTOR connects the 
right amount of voltage to 


the ntrol, 1000 22 


After the KEY is released, the 
piled-up electrons flow from one 
capacitor plate to the other thru the 
control and 1000 О resistor, and 

4 thru the 22 КО resistor and tran- 
Sistor (between B and E), 


This capacitor current makes the 
battery current keep flowing thruthe 
transistor and relay until most of the 
electrons reach the other plate, 





Q4 {> 


When you set the CONTROL for more 
resistance, it will take the capac- 
itor current longer to flow from 
one plate to the other (thruthe C ON- 
TROL and resistor), This will make 
current flow in Q4 and the relay for 
a longer time (and keep the lamp lit 
for a longer time), 
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FOUR 6 '' RED 
FOUR 8" ORANGE 


ONE 10" YELLOW CECE 
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OPERATION 


( ) Turn the CONTROL to ON, 


( ) Push the KEY and release it, The Lamp will 
light and remain on for a short time, 


( ) Turn the CONTROL clockwise to position 
9 and push the KEY, Now the Lamp will 
light and stay on ior a longer time, With 
the CONTROL fully clockwise the Lamp 
should light for about 6 seconds, 


( ) Turn off the CONTROL, 


PARTS 


OLD PARTS 


SWITCH 


—o*o— 


ов ^9 ото 





WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from Page 56, 


(в) 
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EXPERIMENT 8 
Listening Device 


This Listening Device will let you stay in one 
room and listen to what is going on in another, 
Listening devices, usually very small ones, 
are sometimes used by detectives, 


Ф 
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270kN р] 
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TRANSISTOR 








<р А SP? 
MI M2 
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METER 


B К Je 
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56 
POSITION 2 
GROUND | SN Е Ke 
| | FONNE NS OFF SWITCH 
e \ CAPACITOR ( CN CONTROL ® KEY Ф 
25' WIRES \ SS 


KNOT 
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OPERATION 


~ Vx мм. 
REM 


FROM, Т0 ( ) Tie а knot in the earphone cable about 6" 
SIX 3" BLACK from the wire ends, This will keep the two 
| Wires from unravelling, 














( ) Connect the Earphone wires to N3 and C14, 








( ) Put the Earphone in your ear and turn the 
CONTROL to position 7, 

















( ) Speak into the Remote Station, You should 
be able tohear your voice from the Earphone 
at the Workshop base, The Listening Device 
is now checked and ready for use, 

















SIX 6" RED | ( ) Place the Remote Station in the room where 


you want it to listen, You may wantto place 
it out of sight, 





( ) Turn the CONTROL оп the Workshop up until 


the volume is high enough for you to hear 
what is going on, 














( ) Turn ой the CONTROL when you complete 
the Experiment, 


25' WHITE C3 af} 
5 


22' WHITE-BLUE | NI |COM.JSTATION 





PARTS 


OLD PARTS 


BATTERY SWITCH RESISTOR CONTROL CAPACITOR TRANS ISTOR 


А i 


6) + - 
hi Е Oc 
-dc— ов ^9 OT*o— 


—0 оъ 
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NEW PARTS SOUND 


THEORY NOTE: The sound of your voice is Е 
changed into ап electric current when it is ео, ПИ 
applied to а circuit, Electric currents like p. 


железе» 
seer 
Иа ————— ooe 


this are called "signals", These "signals" 
are usually made by a microphone (but this can 





also be done with a speaker), 
SPEAKER - A speaker (used nor- 3 










THE CONE SURE 
MOVES FAST WHEN 
WE GO THRU 
THIS COIL. 


<>» mally) changes electrical signals 
into sounds, 


Speakers consist of a magnet, and a coil that 
is glued to a paper cone, When current goes 
through the coil, it makes magnetism, The 
magnetism from this coil pushes against the 
magnetism from the magnet, and this pushing 
moves the paper cone back and forth, The 
moving cone moves the air around it, and when 
these movements of air strike our ears, we hear 
them as sounds, 








HURRY UP, WE 
HAVE ТО GO THRU 
THE COIL TO MAKE 
THE CONE MOVE. 














YES, IT MOVES 
THE AIR SO FAST 
THAT IT MAKES 







SPEAKER 


In this circuit, the speaker is used backwards, 
Sounds make the paper cone and coil move, 
When the coil moves, the magnetism from the 
magnet makes electric current flow in the coil, 
This electric current becomes the signal, p 


AIS 1S IS JUST 


| | ‚ LIKE JUMPING OFF 
THEORY NOTE: Often, a Transistor is used to A DIVING BOARD 


"amplify", This means it will make a small ONTO A DAVENPORT, 
signal much larger. The small signal is con- 

nected to the base (B) of the Transistor, The 
transistor then acts like a valve, sincethis small 

signal at the base (B) controls a larger current = 
that flows ги {Те transistor between the emitter 

(E) and collector (C), This makes the large 

signal at the collector look just like the small 

signal at the base, A transistor that is used like 

this, to make a small signal larger, is called an 
"amplifier", 








EARPHONE ~ An Earphone also 
changes electrical signals into 

( sounds, The signal is connected toa 
"crystal" in the Earphone, The sig- 
nal makes the crystal bend back and 
forth, When the crystal bends, it 
pushes air back and forth and makes 
sounds, 


MAN ~S OUND WAVES 
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WHAT HAPPENS IN THE CIRCUIT 


Listening Device 









The electronic Signalpassesthruthe 
10 uF capacitor to the EARPHONE, 
The Earphone changesthe electronic 
signal into sound, 








The signal is passed thru the ‚1 uF 





The electronic Signal > 

passes thru the 
100 ЦЕ CAPACITOR to Q3, Q3 then 
amplifies (makes larger)this signal. 






and 10 uF Capacitors to G4, Qd am- 
plifies the signal again, 





The SPEAKER picks up sound апа 
changes it into an electronic signal. 


/ 
\ 
\ Е . CONTROL l 
This SWITCH connects the SWITCH \ 
\ batteries to the rest of the 
\ circuit, 










REMOTE / 
STATION 7 





/ 

/ \ ==" 

\ The RESISTORS connect the po оооп 
right amount of voltage (о (ће \ 

\ 680Nn transistors, The CAPACI- её? Ше \ \ 

\ TORS pass the signal from m \ <: <2/8> The BATTERIES supply 
one place to another, p d \ \ electricity to the rest of the 

Circuit; 


\ pe ү | 

Pok i> г 1 un 

.005 du \ d i \ —- 
bl <> / 10 pF ер - Va / = 6 VOLTS 
jookn + / = 
к 2009 | 


/V CONTROL 
gine. КР The CONTROL sets the de- E) @ f 
sired amount of sound in the Q 4 
E) EARPHONE, Chas 


„ОЕ Q3 
aw This CAPACITOR filters out «o 
<> Signals that are not wanted, 
Unwanted sienals go thru ıt наа 








instead of going to Q2, 


* 


com 


SIGNALS 


(в, 
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HEATHEKIT 
EXPERIMENT 9 
Public Address Amplifier 
This Experiment will show you what a Public 
Address (or "Р, A.") Amplifier is like, Ampli- 
fiers like this are used (with a microphone and 
speaker) when someone wants to speakto a large 
crowd, as in a Church for instance, 
Ф ® PR. = 
Af + — 
B. ———B м ен 
B1 B2 BN. SWITCH. Ш 
xs zu № - = A 


ANTENNA 


R13 





| 





R14- 47000. 


ANTENNA 
COIL 


GROUND 


- 
h г. EL 1 

Ah 1 . °10 | ; f 

/ Lih . Ф. S а_( 


A 
eB 
SWITCH 
® 


TUNING 
e CAPACITOR 








[wt им to 


| FROM то 
T 


ale 
— 


C» < |w O € | | 


THREE 8 '' ORANGE 
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possible, 











OPERATION 


( ) Extend the Earphone wires so the Earphone 
is as far away from the Workshop as 


Ёё] __ NOTE: The Earphone will be used as а micro- 
phone in this Experiment, 
C16 ( ) Hold the Earphone close to your mouth with 
EON NEN the open end toward you, 
| R9 | B3 | иш 
ому 3 | | 
у | ( ) Turn the CONTROL clockwise, while talking, 
вв | n0| | until the sound from the speaker becomes 
|]. |] distorted, Then turn the CONTROL back 
9 о the other way just far enough to clear up 
wa] | the sound, This is the loudest point at which 
B] | you can set the CONTROL, 
ujoj | 
R12 | 10| | Your Public Address Amplifier is ready to use, 
о Now talk or sing intothe еагрһопе andhear your- 
| CB | R20 | self from the speaker, Try different noises and 
See how they sound, 
SP2 ( ) Turn off the CONTROL when you complete 
_ [| [ и the Experiment, 
SP] | B4 |615 — 
С14 | R15 
LL THEORY NOTE: An Earphone, like a speaker, 
Tw fw | | can also be used backwards, When sounds hit 
Е А the crystal, they make it bend back and forth, 
The erystal then makes an electric current, 
which is the signal, 
PARTS 
OLD PARTS каш 
BATTERY SWITCH RESISTOR 



















CONTROL 


VYY 


—o*o— 















SPEAKER 


K 


EARPHONE 









CY ^ 






The EARPHONE picks up sound and 
changes it into an electronic signal, 


This signal passes thru the 1 pF 
CAPACITOR to Q1. Q1 then ampli- 








fies (makes larger) this signal, 
1 
1 \ 
l \ 
j \ 
| \ Os 
І \ 
І \ 
l \ 
І \ 
1 \ 
l \ 
І \ 
1 \ 
І \ 
1 \ 
1 \ 
[| \ 
І \ 
І \ 
1 \ 
\ The RESISTORS connect the 
1 RD right amount of voltage tothe 
| \ transistori. * 
[ \ окоп 
1 \ 
1 \ 
1 \ 
1 \ 
і * 270kn \ ned 
EARPHONE 


\ 
a eid T 


100kN 
CONTROL ©) 


The VOLUME can be adjust- Q 


ed by this CONTROL, 


SIGNALS 


N3 


The signal then passes thru the ‚01 
uF CAPACITOR to Q2, Q2 amplifies 
the signal again, 


din «d Stew 


This CAPACITOR filters out 
signals that are not wanted, 
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WHAT HAPPENS IN THE CIRCUIT 


Public Address Amplifier 










The 10 uF CAPACITOR passes the 


signal to Q4 where it gets amplified 
once again, 


| 
| 
| 
\ 
\ 
\ 

| | 
\ \ 
| \ 
| \ 
| \ 

| \ 
i 
«топ ү 
| K> < 
| гоока IOHF 

+ 

р 50MM £857 UE Ae ES EE 


_ X (0000 
(Е) 


92 4 





The SPEAKER changes the еес- 


tronic signal from 94 back into 
sound, 





| CONTROL 
Г SWITCH 






/ 
<84> { <84> © 
І 
т This SWITCH connects the 
batteries to the rest of the 
J circuit, 


This CAPACITOR filters out 


Signals that are not wanted, 


+ 


72—17 Midi 
(C) 

a FP f ED 

Ww 





(E) 6 VOLTS 
Q ns The BATTERIES supply = 


electricity to the rest of the 
Circuit, 


HEATHKIT ? 
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THINGS TO DO AFTER THE EXPERIMENT 


You can also use your Public Address Amplifier 
to talk into other rooms, Just do the following 
steps to connect the Remote Station to the Ampli- 
fier instead of the speaker in the Workshop. 


( ) Turn ой the Control (completely counter- 
clockwise), 
( ) Remove the 8" orange wire from SP1 to B4, 


( ) Remove the 6" red wire from SP2 to T11. 


( ) Attach a long wire from B4 tothe COM ter- 
minal of the Remote Station, 


( ) Connect a long wire from T11 tothe SP3 ter- 
minal of the Remote Station, 


Leave all the other wires connected asthey are, 


Place the Remote Station in another room, the 
farther away the better, Turn the Control clock- 
wise, The Public Address Amplifier is now ready 
to use again, 


nac # | 


4 
и 
/ 


м. 
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Nottie 
CONTROL 
SWITCH 


Ө 619 ULON: 


Wi Fp 


E^ 
WY 5 ss 
т LIX 50089 
(Y DN 
! 612,37 001 915 


Sta op N Ko» NOW) t ND 





О-ды 213 


Intercom 


This Intercom will let you talk with another 
person in a distant room, The Workshop will be 


їп one room and the Remote Station in the 


EXPERIMENT 10 
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m \ITION 2 
SLIDE 


POSITION ! 
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GROUND 


KEY 


SWITCH 
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CONTROL 
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TUNING 
CAPACITOR 
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WIRING CHART 














| USE [РВОМ] TO = 
Г и TO “ИНОМ CONTROL — Е 
Гете 3s” BLACK | кә | вз | кп qe 
a fete tT 
№ | C6- 

LL... 7 g& [| ЗИ ИИ { 27 

ше] S 

ам | Ø ^ = 22 

| | 8| м! | | 

Ш [м | 

191% [1 | 

м | 

м | 

~ Tu OPERATION 

| UL R6 | т [ C | Place the Workshop in one room and the 
[| тю | Ci Remote Station in another room, Then have 
рев а friend at the Remote Station while you stay 
11| | at the Workshop. 

pt | T2 | 

MERGE NF ee ( ) Turn the CONTROL to position 8, Turn 
FOUR 6" RED ^R | Ri} | it further clockwise later if you want 
то е [| louder sound, NOTE: The CONTROL adjusts 
Ави — the volume for both units, 


Set the SLIDE SWITCH to position 2 and talk 
into the Speaker, Your friend should hear you 
at the Remote Station, 


— 
ч 


( ) Push the SLIDE SWITCH to position 1 and 
have your friend talk into the Remote Sta- 
tion, You should be able to hear him at the 
Workshop. 


( ) Turn off the CONTROL when you complete 
the Experiment, 





WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from this Page, 


With the SLIDE SWITCH ш Posi- 
tion 2 


2, the SPEAKER on the Work- 


sil 


Shop picks up sound and change 


into an electronic signal, 





SLIDE SWITCH 
POSITION 24— —®POSITION 1 
6 (TALK) (LISTEN) 













with the SLIDE SWITCH in Position 
| the REMOTE SPEAKER changes 
sound into an electronic signal, The 
Workshop SPEAKER changes the 
electrome Signal back into sound, 
TRANSISTORS Q2, Q3, and 94 are 
syj}amplifiers, as before, 


SPEAKER 
ON 
WORKSHOP’ 


Sep 
L 
ed 


з` 

2 

'— MÀ 

^ F 
e 

и! 


м. 


IoOokt! 
^ CONTROL 


«ТРЕ 


This signal passes thru the Switch 


and the ,1 uF 


Q2 amplifies 
it larger), 





R> 
c/o c9 XE 
e Vet. 


=== 


CAPACITOR to Q2, 


this signal (makes 







\ 
\ e Ioko 
\ 2 
\ 
R transistors, 
\ 
\ 
ФРТОКО \ 
e 


\ 
\ 
\ 


909—9 


©, 


02 


ALL SIGNALS mia 


SIGNALS FROM WORKSHOP TO REMOTE STATION =} 
SIGNALS FROM REMOTE STATION TO WORKSHOP œ> 


| <> 


.402pF 





Intercom 


SPEAKER 


REMOTE 
STATION 


The RESISTORS connect the 
right amount of voltage tothe 


This CAPACITOR filters out 


cce signals that are not wanted, 






amplification, 


The signal then passes thru the ,05 
uF CAPACITOR 


to ОЗ, for more 


LP 


© 


470N 


IOF 


S 


From G3, the signal passes thruthe 
10 ЈЕ CAPACITOR то Q4, @4 ani- 
plifies the signal once again, 


This CAPACITOR 
filters out signals 
that are not wanted, 



























The emitter (Е) of Q4 15 connected 
thru the SLIDE SWITCH 
REMOTE SPEAKER, which changes 
the signal back into sound, 


The BATTERIES 
electricity 


circuit, 


supply 
to the rest of the 


CONTROL 
SWITCH 
Th:s SWITCH connects the 
B battery to the rest of the 
circu:t, 
T 
==  6NOLTIS 


$ 


Voice Relay 














When TRANSISTOR Q4 turns on, 







The signal passes thru the 10 uF 
CAPACITOR to Q2, Q2 is ON until 
Sound is picked up by the SPEAK- 
ER; then Q2 turns off, This causes 
Q3 and Q4 to turn on, 


The REMOTE SPEAKER picks up 
sound and changes it into an elec- 
tronic signal. 


current flows thru the RELAY coil, 
Then contacts ВУЗ and RY4 close 
and light the LAMP, 





This SWITCH connects the 


| batteries to the rest of the 
| \ circuit, 
| \ CONTROL 
\ SWITCH 
| \ 
i \ 











These RESISTORS connect 
the right amount of voltage to 
the transistors, 


9 


270k 22kn 


This CAPACITOR filters out 
signals that are not wanted, 





100 kan 
CONTROL 


COQ LD 


The CONTROL is set so the 
right amount of sound will 
turn on Q2, 














This CAPACITOR filters out 
signals that are not wanted, 


The BATTERIES supply 
electricity to the rest of the 
circuit, 


6 VOLTS 


Расе 68 HHATHEIT 





EXPERIMENT 11 
Voice Relay 


The speaker is again used as a microphone in used in radio transmitters to automatically 
this Voice Relay Circuit, When you talk into the turn on the transmitter when the operator 
speaker, this circuit makes the relay operate and starts to talk, 

turns on the lamp, Circuits like this are often 
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OPERATION 


NOTE: The Lamp may come on for an instant 
when the CONTROL is first turned on, 


( ) 


— 
— 


PARTS 


OLD PARTS 


SWITCH 


9+ J| exa 





Turn the CONTROL slowly clockwise until 
the Lamp lights and stays lit, 


Turn the CONTROL counterclockwise just 
to the point where the Lamp turns off, 


Speak directly into the Remote Station 
Speaker at close range; the Lamp should 
light, When you stop speaking the Lamp 
should turn off, If the Lamp stays lit, 
turn the CONTROL just barely counter- 
clockwise, 


Turn off the CONTROL when you complete 
the Experiment, 


RESISTOR 


-©- 


WHAT HAPPENS IN THE CIRCUIT 
See the fold-out from Page 68, 
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EXPERIMENT 12 
Earphone Code Oscillator 


A circuit that makes its own signal is called 
an "oscillator", When you press the KEY, 
this oscillator will produce a tone you can 
hear in the Earphone, You can use the tone to 
practice and learn Morse Code, This oscillator 
also has a volume control so you can adjust 
the loudness, 
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OPERATION 
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( ) Turn the CONTROL clockwise to position 4. 


SEVEN 3" BLACK R 
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( ) Put the Earphone in your ear and press the 
KEY, The oscillator should make a tone 
that sounds like a musical note, 








Your Earphone Code Oscillator is now ready to 
use, Refer to the Morse Code on Page 162, 





20 
©: — 
C2 [ae 
nes 


IE 
— 


ONE 4" BROWN You will learn the code best if you practice 
with someone else, sending signals to them 
and letting them send signals to you, It will 
also help if you try to learn just a few letters 
at a time, You could begin, for example, with 
simple letters, like E, I, S, and H, andT, M, 
and O, 
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( ) Turn off the CONTROL when you complete 


TWO 8" ORANGE the Experiment, 
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PARTS 
OLD PARTS 


BATTERY 





MONTROL CAPACITOR TRANSISTOR EARPHONE 
E ї2 
= (C) 


WHAT HAPPENS IN THE CIRCUIT 
See the fold-out from this Page, 


Earphone Code Oscillator 
















Q1 and Q2 form an OSCILLATOR 
Circuit, а circuit that makes its 
own signal, The ,005 uF CAPAC- 
ITOR helps таке the signal, 





d 
The signal developed by 9! " 
Q2 is passed thru the 01 pL 
CAPACITOR to the CONTROL, 





/ 
Holding the KE Y down turns / 
the oscillator on, The osc- / 
illator stavs on until the ый 
КЕҮ is released, 
heey 
оооп / 
e [ОКП / 
The RESISTORS connect the / 
right amount of voltagetothe / This CONTROL increases This SWITCH connects the 
чгараів(ога, ог decreases the amount of batteries to the rest of the 
/ signal that is passed on to circuit, 
the earphone, 
.O05pF 


 — — <> <> / coNTROL 
D» O + 


(С) оока. 
аа р) Ах жш 
а The FARPHONE changes the 4 ry 


Q2 electronic signal into sound, 





iookn 


ә 
а> 
<> 


The BATTERIES supply 
E electricity to the rest of the 
circuit, 
.O2UF 





Ф 
e <> <; 








Qi and Q2 


$ 






own signal, The 100 ко 
iS connected so it helps 


Signal, 










iokn 


| ‘orm an OSCIL 
Circuit, а circuit that vibe, E 


2 resistor 
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Loudspeaker Code Oscillator 
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The signal developed by Q1 and Q2 The CONTROL increases or de- 
creases the amount of signal that 


is passed оп to Transistor Q4. 


is passed thru the ,05 uF CAPAC- 
ITOR to the CONTROL, 
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TRANSISTOR Q4 amplifies the sig- 
nal (makes it larger) and passes 
it on tothe SPEAKER, The SPEAKER 
changes the signal into sound, 












Holding the KE Y down turns 
the oscillator and Q4 on, 
They stay on until the KE Y 
1s released, 


SPEAKER 


The CONTROL SWITCH con- 
nects the batteries to the 
KE Y. 


The BATTERIES supply = 
electricity to the rest of the 
circuit, 
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EXPERIMENT 13 


Loudspeaker Code Oscillator 


In this Experiment you will build a Loudspeaker 
Oscillator that will let you practice Morse Code 
and hear it from the speaker, This oscillator 


also has à Volume control so you can adjust 
the loudness, 
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This Experiment uses the same type of circuit 
that was used in the last Experiment, except 
that an amplifier is added, (See the second Theory 
Note on Page 60,) The amplifier makes the 
signal large enough to work the speaker, 
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OPERATION 


( ) Turn the CONTROL to position 5. 
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( ) Press the KEY, The oscillator should make 
a tone that sounds like a musical note, 
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( ) Adjust the CONTROL for a comfortable 
listening level, 
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Your Loudspeaker Code Oscillator is now ready 
to use, Refer to the Morse Code on Page 162 
and to the note about learning the Code in 
the previous Experiment, 
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( ) Turn off the CONTROL when you complete 
the Experiment, 
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WHAT HAPPENS IN THE CIRCUIT 
See the fold-out from Page 72, 


THINGS TO DO AFTER THE EXPERIMENT 


( ) Connect a 25' wire from K1 to COM on the 
Remote Station. 


( ) Connect a 25' wire from K2 to КЗ on the 
Remote Station, 


Now two people can send code at the same time, 
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Electronic Flasher 
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OPERATION 
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( ) Turn the CONTROL clockwise until the 
switch clicks ON, The Lamp should flash 


on and off slowly. 
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( ) Turn the CONTROL further clockwise; the 
flasher will flash at a faster rate. If you 
turn the CONTROL back the other way, it 
will slow down again, 
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( ) Turn off the CONTROL when you complete 
the Experiment, 


Flashers are used as warning devices, to get 
our attention, Some are electronic like this, 
others are turned on and off by a motor and 
switch, Still others are turned on and off by 
the heating and cooling of metal, With an elec- 
tronic flasher, the flashing speed is easily con- 
trolled and the parts will last for a long time, 
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THINGS TO DO AFTER THE EXPERIMENT 


You may use the flasher as a warning device You may wish to have the flasher on longer 
by placing red plastic over the Lamp, You can than it is off, To do this, disconnect the wire 
also place other plastic pieces over the Lamp from RY5 and connect it to RY3, 


to produce different effects, 
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WHAT HAPPENS IN THE CIRCUIT 


Electronic Flasher 


1 2 3 


Q3 and Q4 forma MULTIVIBRATOR 
Circuit, а circuit that makes its 
own Signal, 





























This circuit makes a 
and Q4 turning each ot 
When Q3 is on. 
1S ОЙ, Q4 is on, 








Signal by Q3 
her on аза off, 
Q4 is off, When G3 


Fach time Q4 turns on, enough 
current passes thru the coil of 
the RELAY to open contacts RY4 
and RY5, This turns the LAMP 
off until Q4 turns off again, 
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The RESISTORS connect the \ 
right amount of voltage tothe \ 


transistors, \ 
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\ nects the batteries to the 
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The BATTERIES supply 
electricity to the rest of the 


ade 10 UF Q3 o 


The setting of the CONTROL T€ 
determines how long Q3 will 
Stay turned ori, 


This CAPACITOR filtersout 
signals that are not wanted, 4700 
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circuit, 


The 10 uF and 100 u F CA- 
PACITORS couple the "turn 
on - turn off" signals be- 
tween Q3 and Q4, 





Experimental Multivibrator 
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Q3 and Q4 forma MULTIVIBRATOR 
circuit, а circuit that makes its 
own signal, 













edi a signal by Q3 
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Aa yening each other on and off, 
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The turning оп and ой of Q3 and Q4 
produces an electronic signal which 
the speaker changes into a sound, 





Holding the KE Y down turns 
the Multivibrator on by con- 
necting the batteries to the 
rest of the circuit, 
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The RESISTORS connect the 
right amount of voltage to 


the transistors, EP 


The CAPACITORS couple the 
“turn on - turn off" signals 
between Q3 and Q4, 
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and the value of the selected 
CAPACITOR determine the 


rate at which Q3 and Q4 <#> diss Ces > 
turn each other on and off, 
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EXPERIMENT 15 
Multivibrator 


Experimental 
his Experimental Multi- 


are used quite often by electronic en- 


Sineers and technicians to make signals, These 
quipment (like radios, TV sets, 


ransmitters 


Signals are then used to test many kinds of 
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See the fold-out from Page 78 


WHAT HAPPENS IN THE CIRCUIT 
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EXPERIMENT 16 


Electronic Organ 


gans, In a large organ, each key 


OW you how tones are made in 
on the keyboard turns on a circuit like this one, 


iment you will build a very simple 


Electronic Organ, You will even play a tune, 
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OPERATION 


( ) Place the SLIDE SWITCH in Position 1. 


( ) Turn the CONTROL to position 1 and press 
the KEY, You should hear a tone from the 
Speaker, 


The following numbers make a simple tune 
("Yankee Doodle") you can play on this organ 
circuit, Turn the CONTROL to each number, one 
at a time, Then press and release the key, You 
may also be able to make up sometunes of your 
own, 
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fa Be Be Vo SR Ш 

5. Б» б» Т» 1-1/2 -7 - 6 

5 - 4-1/2 -1-3- 4-1/2 - 5-5 


( ) Turn ой the CONTROL when you complete 
the Experiment, 
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THINGS TO DO AFTER THE EXPERIMENT 


The 10 uF capacitor gives "character" to the a trumpet, 

tones this organ circuit makes, Ina large organ, 

4 tone circuit could be connected where this Push the SLIDE SWITCH from Position 1 tö 
capacitor is, One tone circuit might make the Position 2. Note how this makes the character 
tone sound like it came from a violin, and of the tone change, 

another could make it sound like a tone from 
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WHAT HAPPENS IN THE CIRCUIT 


Electronic Organ 


2 


TRANSISTOR Q4 amplifies the sig- 
nal (makes it larger), 


Transistors 92 and Q3 form an 
OSCILLATOR circuit, a circuit that 
makes its own signal, 
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This CAPACITOR helps 
make the sound more like 
that of an organ, 


= 
^C" 


$ 


(с) OSur тшш 
© S .02 рғ ons 


(Е) The ,02, .1, and .05 uF 
Q2 CAPACITORS pass the sig- 


C nal from one place to another, 
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This SWITCH connects the 
batteries to the rest of the 
circuit, 


NC 
This CAPACITOR makes 
the sound more like that of 
QUIS С> an organ, 
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The BATTERIES supply 
electricity to the rest of the 
circuit, 
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WHAT HAPPENS IN THE CIRCUIT 


Electronic Organ 









Transistors Q2 and Q3 form an 
OSCILLATOR circuit, a circuit that 
makes its own signal, 


TRANSISTOR Q4 amplifies 


the sig- 
nal (makes it larger), ү 


The SPEAKER changes the signal 
to sound, 
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EXPERIMENT 17 
Burglar Alarm 
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lar Alarm can be connected to a door 
the door or window is opened, 
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( ) Push the other thumbtack into the doorjamb 
so the two thumbtacks will touch when the 
door is closed, 
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( ) Open and close the door а few times: be sure 
the thumbtacks touch each other when the 
door is closed, Then open the door, 


хо 

го < |ы 
UJ 

O| — 





( ) Turn the CONTROL clockwise until the 
switch clicks on, A loud tone should be 
heard with the door open, 
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Close the door and press the KEY, The 
RELAY should click and the tone should 
Stop, If it does not stop, be sure the wires 
are making good contact with the thumbtacks 
and that the thumbtacks touch each other, 
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Á| 110 The Burglar Alarm is now ready to be used, 


Е 
NO 





THUMBTACK #1 
HUMBTACK 





nN 
хл 
= 
T 
— 
rn 
оо 
=> 
ещ 
гт 


= USING THE BURGLAR ALARM 


Б 
N 





Now, as soon as the door opens, you will hear 


OPERATION a tone from the Burglar Alarm, To make the 
tone stop, close the door and press and release 
INSTALLING THE BURGLAR ALARM the KEY, This also resets the Burglar Alarm 
SO it is ready to use again, This Burglar Alarm 
NOTE: Use unpainted thumbtacks in the next will sound when the thumbtacks are apart, or 
two steps. even if the wires to the tacks are broken or 


come loose, 
) Wrap the bare end of one 25' wire around 


one of the thumbtacks as shown, To turn the Burglar Alarm off, turn the CON- 


) Wrap the bare end af the other 25! wire ш counterclockwise until the switch clicks 
around the other thumbtack, ' 


| Press one thumbtack into the edge of the NOTE: This circuit draws current from the 
door you want to protect, as shown in the batteries whenever the CONTROL is turned 
illustration, on, even when you do not hear a tone, 
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THEORY NOTE: There аге many different kinds Switch, they use small switches that are called 
of burglar alarms, and many of them operate microswitches, Sometimes the loud tone is heard 
like this burglar alarm, These burglar alarms right where the alarm is, At other times, the 
protect banks, safes, stores, houses, and many tone is heard at the police station to tell 
other places, Instead of a thumbtack alarm them something is wrong, 
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WHAT HAPPENS IN THE CIRCUIT 


Q1 and Q2 form an OSCILLATOR 
circuit, a circuit that makes itsown 
signal, The 100 kQ resistor is con- 
nected so it helps make the signal, 
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The RESISTORS connect the 
right amount of voltage tothe 
transistors, 


150КЯ 





Burglar Alarm 






The signal developed by Q1 and Q2 


TRANSISTOR Q3 amplifies this sig- 
nal (makes it larger) and passes 
it on to the SPEAKER, The Speaker 
changes the signal into sound, 







is passed thru the ,05 uF CAPAC- 
ITOR to Q3, 
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SIGNALS 2 


When the tacks Separate, the E 
and B elements are no longer con- 
nected together, This allows cur- 


rent to flow thru Q4 and the relay 
coil, 










6 THUMBTACKS 


With the thumbtacks touching. the 
E (emitter) and B (base) elements 
of transistor Q4 are connected to- 


An 0 > 


contacts RY4 апа RY5, 

















the tacks and relay 
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4 The CONTROL SWITCH con- 

nects the batteriestotherest 

of the circuit, 
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— 6 VOLTS 


The BATTERIES supply 
electricity to the rest of the 
circuit, 


This causes relay arm RY4 to 
move in and touch contact КҮЗ, 


Battery current can now flow thru 
RY4 and ВУЗ to turn on the alarm 
circuits of Q1, Q2, and Q3, 
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EXPERIMENT 18 


Metronome 


This Metronome circuit will make a certain 
number of ticking sounds, or beats, every 
minute, It can be used to keep time when you 
play a musical instrument, The beats per 
minute can be adjusted with the CONTROL 
from about 80 to 230 beats per minute, (This 
includes the Adagio, Andante, Allegro, and 
Presto ranges on a standard metronome,) 
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OPERATION 
TESTING 


NOTE: Each tick from this Metronome will be 
a double clicking sound, 


( ) Turn the CONTROL clockwise until the 
switch just clicks ON, You should hear 
about 20 ticks every 15 seconds, 


( ) Turn the CONTROL fully clockwise, You 
should hear about 19 ticks every 5 seconds, 


CALIBRATING 


In the following steps, you will find the number of 
beats per minute you will get for different CON- 
TROL settings, This will help you use the Met- 
ronome with musical instruments, 
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Refer to the following steps and find the number: 


of beats per second at control setting 2. 


( 


— 


Turn the CONTROL to 2, 


( ) Count the number of ticks (beats) in 6 
seconds, 


( ) Multiply this number by 10. 


( ) Mark this number under 2 in the Beats Per 
Minute Chart, 


BEATS PER MINUTE CHART 


CONTROL 
POSITION 





Now repeat these steps for CONTROL settings 
4, 6, 8, and 10, 


USING THE METRONOME 


( ) Turn the CONTROL switch clockwise until 
the switch clicks on, 


( ) Then decide how many beats per minute 
you want, 


( ) Look at the Beats Per Minute Chart and 
turn the CONTROL to the setting that will 
give you the correct number of beats, 


The Metronome has many applications in the 
field of music, Turn it to a slow beat when you 
are learning a piece of music, Then, as you pro- 


gress, you can increase the number of beats 
per minute, 


( ) Turn off the CONTROL when you complete 
the Experiment, 


Раре 90 HEATHEIT f° 
PARTS 


OLD PARTS 


BATTERY SWITCH RESISTOR CONTROL CAPACITOR TRANSISTOR SPEAKER 
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WHAT HAPPENS IN THE CIRCUIT 


Metronome 
2 3 


The SPEAKER changes the signal 
into sound. 










This circuit makes a signal by Q3 
and Q4 turning each other on and off, 
When Q3 is on, Q4 is off, When Q3 


is off, Q4 is on. 


Q3 and Q4 form a MULTIVIBRATOR 
Circuit, a circuit that makes its 





own signal, This is a different 
type of signal than an oscillator 
circuit would make, 


O 
CONTROL 
SWITCH 


This SWITCH connects the 
batteries to the rest of the 
circuit, 





The RESISTORS connect The 10 pF CAPACITORS 


the right amount of voltage pass the signal from one 
to the transistors, transistor to another. 


> 
<> 
В SPEAKER 
<#> 
бна 


$ 
$ 
$ 


10 МЕ 


$ 


82000 


10KQ R> 
<re> 





—M— 6 VOLTS 
<>» This CAPACITOR filters out — 
k signals that are not wanted, 
100K€Q - 


CONTROL «1» The BATTERIES supply 
Apr electricity to the rest of the 
circuit, 


I> <> 
(C) 10uF 
bd «x C Q4 FD 
Ra 
<> 


This CONTROL adjusts the 


speed at which Q3 and Q4 Суг 4700 cons 


turn off and on, 


The KEY controls the жай 


of the siren, 


О 
КЕ 


Cas 


sokn 


9 





че 
bs 
Y 


Q2 and Q3 form an OSCILLATOR 
circuit, a circuit that makes its own 
signal, The 270 КО resistor is con- 
nected so it helps make the signal, 


100 kn 


CONTROL 
v2» Q 


Суз? CM (8j 

2 
<xe> X NOT CONNECTED 
E> 


The 100 „Е CAPACITOR. 
the KEY, and these RESIS- 
TORS control the wail of 
the siren, When the KEY is 
pressed down, the tone. or 
pitch, of the siren goes up. 
When the KEY is released, 
the tone goes down, 


100 UF 


c 
<> 










The signal developed by Q2 and Q3 
is passedthruthe ,1 uF CAPACITOR 
to Q4, 


The RESISTORS connect the 
right amount of voltage to 
the transistors, 


Siren 









TRANSISTOR Q4 amplifies the sig- 
nal (makes it larger) 





{ЦЕ 


The „02 and ,1 uF CAPACI- 
TORS pass the signal from 
one transistor to another, 









The SPEAKER changes the signal 
to sound, Control Switch changes 
C8 to C9, 


This SWITCH connects the 
batteries to the rest of the 


и ^ 1 circuit, 





6 VOLTS 


The BATTERIES supply 
electricity to the rest of the 
circuit, 


SIGNALS 


ЕХРЕВ!МЕМТ 19 
Siren 


This Electronic Siren can be used as an alarm 
or warning device, The pitch of the siren can 
be made to go up and down by pressing and 
releasing the KEY, This makes the alarm 
sound like an official police and fire siren. 
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OPERATION 
TESTING THE SIREN 







— 
— 


Turn the CONTROL to ON, 


The sound should increase in pitch andthen 
level off, 


Press the KEY, 
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и ( ) The sound should decrease in pitch andthen 
вета level off, 
———H--9 3 ( ) By pressing the KEY and lifting it at 
"rro ИНИ И ШЕШ regular intervals, the siren will май up 
-— кш and down in pitch just like a real siren, 
мм | ( ) Turn off the CONTROL when you complete 
VENE MEE ИЕ ИШ the Experiment, 
PARTS 
|. | RH 
юр re [| | OLD PARTS 
pT | 
| | [mol | BATTERY SWITCH KEY RESISTOR 
оов 7 yy 
ра ИСТ 
мм - | 
| 1] ИШИ | : ww 
| THREES" ORANGE | B4 | spi | — | 
Гы 


т али тан 

ONE 10" YELLOW | R5 | V3 | | 
ТИНИ [o | LE] 
Done BLACK | N|K| | 
[Ш 


WHAT HAPPENS IN THE CIRCUIT 
See the fold-out from Page 92, 


THINGS TO DO AFTER THE EXPERIMENT 


FAST CYCLE SIREN ENGLISH HORN 
( ) Disconnect the wire at C16 and connect it ( ) Disconnect the wire from C14 and connect 
to C14. it to C16. 
( ) Disconnect the wire at C13 and connect it 
( ) Disconnect the wire at C15 and connect it to C15, 
to 1213, 


( ) Connect an 8" orange wire from C15 to R8. 


( ) Turn on the CONTROL, and operate the | . | 
КЕ Y as before ( ) Connect a 14" brown wire from R7 to K2, 


( ) Turn on the CONTROL, Then operate the 
KEY as before, but at a faster rate, 
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EXPERIMENT 20 
Light Meter 


A light meter is used to measure the brightness 
of light, One is often used by photographers 
to make sure the correct amount of light is 
used for each photograph, 
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OPERATION 


ONE 4" BROWN 









( ) Turn the CONTROL to position 1 and 
press down on the KEY, The Meter pointer 
should move up from the 0 point, 








( ) Put the LDR near a lamp, Then turn 
the CONTROL clockwise until the Meter 
points to 5, 


ONE 8" ORANGE 











ONE 12" BLACK 





( ) Put your hand over the LDR, The Meter 
pointer should move toward 0. 
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Ж LIGHT DEPENDENT RESISTOR This Experiment shows you how a professional 
light meter works, When dim light hits the 
LDR, the Meter pointer does not indicate very 
high, With brighter light, the pointer indicates 
farther up-scale, 


On a professional light meter, the meter has 
special numbers on it, Before he takes a pic- 
ture, the photographer uses his light meter to 
measure the brightness of the light, Then he 
uses this number to adjust his camera for the 
best picture, 


( ) Turn off the CONTROL when you complete 
the Experiment, 


PARTS 


OLD PARTS 


BATTERY SWITCH 
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NEW PARTS 


LDR 


ах 
D 


LDR - An LDR (Light Dependent 
Resistor) is a special type of resis- 
tor, Its electrical size (resistance) 
changes when you change the amount 
of light that shines on it, In the dark, 
its electrical size is very high, Then 
its electrical size gets smaller and 
Smaller as more and more light 
shines on it, An LDR is also called 
a Photo Resistor, 
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THE MINUTE SOMEONE {;:: 
SHINES A LIGHT ON THE | 
LDR THE MOUNTAINS 
SHRINK TO LITTLE 


HEATH Е IT 


WHAT HAPPENS IN THE CIRCUIT 


Light Meter 


The KEY turns on the Light Meter, - 
= 
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This SWITCH connects the 
batteries to the rest of the 
circuit, 


CONT ROL 
SWITCH 


9 ‚^—Ф›—‹Ф—, 






The БОВ (Light Dependent Resistor) 
changes resistance when you change 
the amount of light that shines on it, 






a 





/ 


РЭР МЕТЕК 
The METER shows the amount of Ра 
light hitting the LDR, ( Сузу 


lookn 
CONTROL 
P 
we 








The CONTROL stops some of the 
current and is set so the meter will 
read 5 with a bright light on the LDR, 





А 
/ 


6 VOLTS 


НИНЕ 


The BATTERIES supply 
electricity to the rest of the 
circuit, 


de 
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EXPERIMENT 21 
Light Sensing Alarm 


When the lights in your room stop shining on 
the LDR, this Light Sensing Alarm will turn 
on the Lamp, Circuits like this are used to 
light emergency lamps (from batteries) in 
hospitals and factories when storms cut off 
the electric power, 
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OPERATION 





CONNECTING THE LDR 


( ) 


— м 


— 
~— 


Fasten 6-32 nuts loosely on two 6-32x1/4" 
screws, 


Fasten one ofthe 25' wires under each screw, 
Spread the LDR leads apart, 


Wrap one of the LDR leads under each 
screw, Then tighten the screws, Е 


>» w^. 


Wrap tape around one of the screws so it 


cannot accidentally touch (short circuit) 
the other screw, 


TESTING 


( ) 


( ) 
( ) 


^^ 
~ 


— 
м 


Face the LDR toward a light but away from 
the Lamp on the Workshop. - 


Place the SLIDE SWITCH in Position 1. 


Block the lighttothe LDR with your hand and 
turn the CONTROL clockwise to a point 
where the Lamp just lights, 


Uncover the LDR, The Lamp should turn off, 
This is called а "nonlatching" circuit be- 
cause the Lamp will turn on and off each 


time you block and unblock the light to the 
LDR, 


Place the SLIDE SWITCH in Position 2 and 


block the light to the LDR, The Lamp should 
light, 


Now unblock the LDR and notice that the 
Lamp stays lit even if you block the LDR 
again, This is called а "latching" circuit 
because the Lamp is held (or "latched") 


on until you place the SLIDE SWITCH back 
in Position 1 again, 
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USING THE ALARM 


In the next three steps you will build a paper 
funnel and attach it to the LDR, This will 
collect light and direct it to the LDR, 


( ) Make a paper funnel out of white thin 
cardboard or heavy paper, Hold it together 
with tape, NOTE: Have the white side 
of the paper or cardboard on the inside, 


( ) Tape the LDR in the small end of the 
paper funnel, 


( ) Fasten the LDR (with the funnel) in place 
where you want to use it, This could be 
in a room, for example, where it would 
act as a safety light and turn on the Lamp 
when the lights go off, 


You could also use this alarm to tell when 
Someone passes thru a doorway, Just have a 
light shining across the doorway on the LDR, 
Then, if someone goes thru the doorway, his 
shadow will fall on the LDR and the Lamp will 
light, 





TAPE 


After the LDR, Workshop, (and light?) are set 
up where you want to use them, repeatthe steps 
under "'Testing" to adjust the circuit again 
before you use it, Either the latching (SLIDE 
SWITCH, Position 1) or the nonlatching (Posi- 
tion 2) circuit may be used, 
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WHAT HAPPENS IN THE CIRCUIT 


1 When the light shines оп the ТОВ. ge 


e 

















The .1 and 100 F CAPACI- 
TORS filter out signals that 
are not wanted, 


When the light stops shining on the 


d A The LDR resistance increases, This 
LDR, * turns ©З off, 


D. This lights the LAMP by routing 
battery current thru it, 






` thru it, 











Q3 is turned on and 


The RESISTORS anti CON- 


amount of voltage to the tran- 


If the SLIDE SWITCH is in Position 
' 2, the lamp will stay on - even when 

the light shines on the LDR again - 
until this SWITCH is pressed to 1 
and put back on 2 again, 


Light Sensing Alarm 





current flows 












connect the right 








V 
CN 
v 
P 


B. Q4 is turned off: therefore no cur- 
rent goes thru the RELAY COIL. 





POSITION 


<> 


With the SLIDE SWITCH in Position 
1, the Lamp will only be turned off 
while the light shines On the LDR, 












C RELAY arm ВУ4 touches contact 
* RY5, Therfore, the Lamp does not 
light, Battery current flows thru 
RY4 and RY5 to the emitter (E) 
of Q3, 







This SWITCH connects the 
batteries to the rest of the 
circuit, 


CONTROL 
SWITCH 


+ 


—. © VOLTS 


<s2> — The BATTERIES supply 


— 7 electricity to the rest of the 
= Circuit, 


POSITION 
O2 


<> 


When Q3 turns off, it makes Q4 
turn on, Current then flows thru 
Q4 and the RELAY COIL, 


C. This moves RELAY ARM RY4 over 
to contact RY3, 


4 


(в 
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EXPERIMENT 22 
Electronic Target Hit Alarm 


This circuit will cause an alarm to sound when 
you hit the LDR with a light beam, 
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Electronic Target Hit Alarm 
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This makes а signal апа causes 
a sound to be produced in the 
speaker, Only when a light shines 
on the LDR will the circuit operate 
and a sound be heard, 


This turns Q! ОП and electrons 
start to build UP Ш the 19 jp 
CAPACITOR, When the capacitor 
can hold no more, Q1 turns off and 
Q2 turns on, 


Electrons build up in the ,05 uF 
CAPACITOR until it can hold no 
more, Then Q2 turns off and Gl 


When a light is shining on the LDR, When Q3 turns on, it makes Q4 turn 
voltage is applied to Q3, This causes off, causing RELAY ARM RY4 to 


Q3 to turn on, move up and touch contact ВУ5, again turns on, 
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The RESISTORS connect the М i SPEAKER 
right amount of voltage to \ 


the transistors, 


This SWITCH connects the 
batteries to the rest of the 
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circuit, Д 
0 <> CONTROL 
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The BATTERIES supply 
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Circuit, 
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OPERATION 


TESTING 


( ) Place the LDR in the dark, 








( ) Turn the CONTROL to ON, 








( ) Shine the beam from a flashlight on the 
LDR, The alarm should sound, 

















( ) Remove the light, The alarm should turn 
Off, 














USING THE ALARM 
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Set up the LDR at one end of a dimly lit room, 
Aim the beam from a pushbutton flashlight at 
the LDR, 
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Electronic guns like this are used in target 
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C15 
5 practice, Use this Target Hit Alarm as a game 
—— with your friends, Turn off the CONTROL when 
| S a [ее | you are not using this circuit, 
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PARTS 


OLD PARTS 





WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from Page 102, 
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EXPERIMENT 23 
LDR Flasher 


In this Experiment, you will build a Light 
Dependent Oscillator that will turn itself On 
and Off with the Lamp and the LDR, 
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OPERATION 
CONNECTING THE LDR 
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( ) Fasten 6-32 nuts loosely on two 6-32 x 1/4" 
screws, 


( ) Fasten a 14" brown wire under each Screw, 
( ) Spread the LDR leads apart, 


( ) Wrap oneofthe LDR leads under each screw, 
Then tighten the screws, 


( ) Wrap tape around one of the screws so it 


can not accidentally touch (short circuit) 
the other screw, 


( ) Attach the other ends of the 14" brown wires 
to В1 and В1. 


USING THE LDR FLASHER 
( ) Place the Workshop in a dimly lit room, 


( ) Face the LDR toward and about 4" away 
from the Lamp on the Workshop, 


( ) Turn the CONTROL clockwise slowly until 
the Lamp begins to turn on and off, 


P en 
— 


Move the LDR closer to and farther away 
from the Lamp and see how the Speed 
varies, Also try putting some things be- 
tween the Lamp and LDR, You might also 
see how much light you can have in the 
room before the relay will stop flashing, 


( ) Turn off the CONTROL whenthe experiment 
is completed, 
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OLD PARTS 
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WHAT HAPPENS IN THE CIRCUIT 


LDR Flasher 


Q3 is turned on and current flows 
1. When light shines on the ТОВ. s» A.D : 


When Q3 turns on it makes Q4 
* turn off, Therefore no current goes 
thru the RELAY COIL, 


C.RELAY ARM RY4 touches contact 
ВУ5. The LAMP does not light, 





LAMP 
The RESISTORS and the e OA Ges 
CONTROL connect the right 
amount of voltage to the 
transistors, a г------ | 
680 
lookn Er 9 
CONTROL | | 
| | The CONTROL SWITCH con- 
| | nects the batteriestothe rest 
| | | of the circuit, 
> | Crd 
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The BATTERIES supply 
electricity to the rest of the 
circuit, 


6 VOLTS 


alin 


These CAPACITORS filter 
out signals that аге not 
wanted, 










B. When Q3 turns off it makes Q4 turn 
on, Current then flows thru Q4 and 
the RELAY COIL, 


When light stops shining А.оз is turned off, 
e onthe LDR, a 





C. This moves RELAY ARM RY4 over 
о contact ВУЗ, Battery current now 


-OWS thru these two contacts and 
lights the ГАМР. 





,When the LAMP goes on, it shines 
on the LDR and the whole process 
starts over again, 
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LDR Oscillator 


The LDR changes resistance when 
light shines Оп it, 


NOTE: There is a certain light 
range in Which the oscillator will 
change tone. If the light shining on 
the LDR is too bright or too dim, 
the oscillator will stop, 





The SPEAKER changes the signal 
from ©4 to sound, 
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TRANSISTOR Q4 amplifies the os- | 
cillator signal. 
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TRANSISTORS Q2 and Q3 turn each 
other on and off to make an oscilla- 
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OPERATION 


( ) Face the LDR toward the room light, 


( ) Turn the CONTROL clockwise to ON, You 
Should hear a tone, If you do not hear a 
tone, move your hand close to the LDR to 
partly block the light, (NOTE: If the light 
Shining on the LDR is too bright or too 
dim, the Oscillator will stop working.) 
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( ) Move your hand back and forth, close to 
and away from the LDR, This will make 
the tone change, Try playing a tune by mov- 
ing your hand back and forth, 
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NOTE: A musical instrument called a "theremin" 
(ther' a min) operates and is played very much 
like this, The musical pitch (or tone) of the 
theremin changes when the player's hands move 
back and forth near it, 
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A circuit like this LDR Oscillator could also 
be used in a Weather satellite, The clouds would 
change the amount of light that reaches the LDR, 
This would change the tone of an oscillator, 
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( ) Turn off the CONTROL when you complete 
the Experiment, 
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WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from Page 108, 
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EXPERIMENT 25 
Sound Level Meter 


In this Experiment you will measure the loudness 
of sounds coming from radios, people's voices, 
or other sound sources, Sound level meters 
are used by engineers at broadcast stations and 
recording studios, They are also used by 
scientists and engineers to measure the sound 
levels in airplanes, automobiles, and factories, 
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OPERATION 







( ) Turn the CONTROL clockwise until the 
Meter reads "0", 
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NOTE: The Earphone will be used as а micro- 
MEN phone in this Experiment, 
м в [| | 
a The Sound Level Meter is now ready to use, 
вім р Place the Earphone near а radio and read the 
м | | Meter indication, Move the earphone away from 
|| ир | the radio and see how the sound level changes 
| 1 8]m] | with distance from a sound source, Measure 
Lo 1]. | _ | other sounds for loudness (talk into the Ear- 
SIXA" BROWN | R6 | Tl | CI | phone, etc.). 
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ү R18 the Experiment, 
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WHAT HAPPENS IN THE CIRCUIT 


See the fold-out from this Page, 
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The signal then passes thru the ,05 


uF CAPACITOR to Q2, Q2 amplifies 
the signal again, 










The METER measures the amount 

of current that goes thru it, Larger 

The .02 UF CAPACI signals will make larger currents, 
signal to Q4 where it 

once again, | 


Smaller signals will make smaller 
currents, 














The RESISTORS connect the 


right amount of voltagetothe 
transistors, 









This signal passes thru the ‚1 uF 
CAPACITOR to Q1, Q1 then ampli- 
fies (makes larger) this 
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The EARPHONE picks up sound and 
changes it into an electronic signal, 
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EXPERIMENT 26 
Two-Transistor Receiver 












NOTE: AM radio Receivers are built in Ex- 
periments 26, 27, and 28, The simplest Re- 
ceiver is in Experiment 26, Then, circuits are 
added in each Experiment until the largest 
Receiver is built in Experiment 28, 


This Two- Transistor Receiver willreceive local 
radio stations, 
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(SEE PAGE 113). 
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*NOTE: Wires marked with an asterisk (*) are 
used in Experiments 26, 27, 28, and 29, Leave 
these wires in place, and remove only the other 
wires, if you decide to change from this circuit 
to Experiment 27, 28 or 29. 
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АМТЕММА 
CONSIDERATIONS 


ANTENNAS 


Each radio receiver must have an antenna, but 
the type of antenna it needs depends on where 
you live, If youliveina city near strong stations, 
the Antenna Coil itself may be all youneed, (This 
type of antenna is used in most smallradios.) If 
you live where all stations willbe weak, you will 
probably need to use onc с. the 25 foot wires as a 
long wire antenna, Refer to the illustration and 
to the directions elow for Inside and Outside 
Long Wire Antennas, 


Sometimes it is best to experiment to see which 
type of antenna will bring in the most, clear 
stations, Often, connecting an antenna wire to a 
bedspring, metal lamp base, or a TV antenna 
wire will work very well, 


Inside Long Wire Antenna 


NOTE: An inside antenna will not work well in- 
side a metal building, Radio waves will not go 
through the metal, 


( ) Connect one end of a 25 foot wire to the 


ANTENNA connector spring, Stretch out the 
wire and run it around the room, 
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WITH THIS KIND OF 
ANTENNA | CAN ONLY 
GET LOCAL STATIONS. 
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Outside Long Wire Antenna 


( ) Connect one end of a 25' wire to the 
ANTENNA connector spring. 


( ) Run this wire out the window and up as high 
as you can to a nearby tree or some other 
object, 


( ) Tie the end of this wire to the tree, Be 
very careful that the wire's insulation is not 
broken or torn at the window or tree, 


CAUTION: Do not run the antenna near power 
lines, and do not connect it to a metal post, 


GROUND CONNECTIONS 


Radio stations connecttheir signals to an antenna 
and tothe ground, Therefore, a ground connection 
at your receiver will help you receive weaker 
stations, 


( ) Connect a 25' wiretothe GROUND connector 
Spring on the Workshop. 


( ) Remove 6" of insulation from the other end of 
this wire, 


( ) Connect this bared end of the 25' wire to a 
cold water pipe or faucet, (The metal inthe 
pipes connect to the ground outside your 
home.) 
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WITH MY OUTSIDE ANTENNA 
| CAN GET RADIO WAVES 
THAT COME FROM SOME 

OTHER TOWN. 


NOTE: Often, you may find that if the local 
stations are too strong, your receiver will 
work better when the ground is disconnected, 
The sound would get quieter and you would be 
able to tune in more stations, Experimenting 
will often show you how to get the best results, 


OPERATION 


NOTE: Radio waves usually travel farther at 
night, Therefore, you can usually tune in more 
stations at night, 


( ) Complete your ANTENNA and GROUND 
connections, Use one of the antenna types 
described above, 


( ) Place the Earphone in your ear, 


( ) Turn the CONTROL clockwise until the 
switen clicks ON, Adjust the CONTROL toa 
comfortable listening level, 


NOTE: Ifthere are no radio stations in your area, 
you may not be able to tune in any stations with 
this Two-Transistor Receiver, 


( ) Turn the TUNING CAPACITOR knob very 
slowly until you hear a radio station, 


( ) See how many stations you can tune in and 
identify, 


( ) Turn off the CONTROL when you are not 
using the Receiver, 
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TUNING CAPACITOR - This ca- 
pacitor works just like the other 
capacitors (see Page 54), except that 
its electrical size can be changed, 


Instead of the two single plates, the 
tuning capacitor has two groups of 
plates, Each group has several 
plates, all connected to each other, 
Electrons cannot get from one group 
of plates to the other group, (Groups 
of plates do not touch each other,) 


This capacitor's electrical size is 
largest when the plates are fully 
closed, Its electrical sizeis small- 
est when the plates are fully open, 












ALL OUR PLATES ARE 
CONNECTED TOGETHER 










YES, BUT WE CAN'T 
GET TO THAT OTHER 
GROUP OF PLATES. 
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ANTENNA COIL 
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ANTENNA COIL - А coilis made of 
many turns of fine wire, This Anten- 
na Coil actually has three separate 
coils wrapped around a ferrite (an 
iron compound) rod, 


A signal current from the antenna 
goes thru one of these coils to ground, 
This signal causes magnetism to 
build up around the coil, and the 
magnetism makes signal currents 
(just like the original) go thru the 
other coils, and from there to the 
first transistor, 









WHEN WE MOVE BACK 
AND FORTH, WE CAN 

MOVE OUR BROTHERS 
IN THE OTHER COIL. 













COIL 





HEY! WE ARE BEING 
MOVED BY OUR BROTHERS 
IN THE OTHER COIL. 


THINGS TO DO AFTER THE EXPERIMENT 


Try listening to a radio station with the ground 
wire connected and with the ground wire dis- 
connected, See if there is any difference, Try 
connecting and disconnecting the antenna to see 
if that makes a difference, 


Disconnect the earphone, Then connect an 8" 
wire from V1 to SP1 and another 8" wire from 
V2 to SP2, Turn the CONTROL fully clockwise, 
Note that the volume in the speaker will not get 
very loud, An amplifier circuit will be added 
in the next two Experiments to give the Speaker 
more volume, 
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The Radio signal makes an electric 
current signal flowinthe ANTENNA, 










The ANTENNA COIL passes these 


radio station signals to the TUNING 
CAPACITOR, 





3 


The TUNING CAPACITOR and 
ANTENNA COIL form a "tuned cir- 
cuit," which tunes in one signal and 
rejects all the others, 
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WHAT HAPPENS IN THE CIRCUIT 


Two-Transistor Receiver 


9 


TRANSISTOR Q2 does two jobs at 
° once: 
\ 





The EARPHONE changes the signal 
into sound, 





e It amplifies the signal again, 


e It changes the tuned-in radio signal 
(RF) into the type of signal (audio 
or AF)that will operate an earphone 
or speaker, 












! 

25 WIRE The CONTROL SWITCH con- 
nects the batteriestothe rest 
of the circuit, 

ANTENNA 


The RESISTORS connect the 


right amount of voltagetothe 
transistors, 





The CONTROL adjusts the 


I UF amount of signal that goes to 






the EARPHONE, 
The ,01uF,.05uF,and,1uF 
CAPACITORS pass the sig- 
nal from one place to another, 
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ATTERIES supply 
Бока -- to the rest of the 
circuit, 
GROUND The ,005 uF and ,02 ;F CA- 
PACITORS filter out signals 


that are not wanted, 
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EXPERIMENT 27 
Three-Transistor Receiver 


This Three-Transistor Receiver is almost the 
same as the Two-Transistor Receiver, except 
that à third transistor is added so the Speaker 
can be used instead of the earphone, 


—————— HR! 25' WIRE 






у 


D a ON 
270kN рр 


N 


Д 
/К2 





> 
KZ 
@ 





WM 























NOTE: AM radio Receivers are built in Ex- 
periments 26, 27, and 28, The simplest Receiver 
is in Experiment 26, Then, circuits are added in 
each Experiment until the largest Receiver is 
built in Experiment 28, 
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SEE "ANTENNA 
CONSIDERATIONS" 
ON PAGE 113 










*NOTE: Wires marked with an asterisk (*) are 
used in Experiments 26, 27, 28, and 29, Leave 
these wires in place, and remove only the other 
wires, if you decide to change from this circuit 
to Experiment 26, 28, or 29, 
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OPERATION 


( ) Refer to the "Antenna Considerations" on 
Page 113, Then complete the ANTENNA and 
GROUND connections to your Workshop. 


NOTE: Radio waves usually travel farther at 
night, Therefore, you can usually tune in more 
stations at night, 


( ) Turn the CONTROL clockwise until the 
switch clicks ON, Adjust the CONTROL to 
a comfortable listening level, 


( ) Turn the TUNING CAPACITOR knob very 
slowly until you hear a radio station, 


( ) Turn off the CONTROL when you are not 
using the Receiver, 
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CONTROL CAPACITOR 


THINGS TO DO AFTER THE EXPERIMENT 


Try listening to a radio station with the ground 
wire connected and then disconnected, See if 


you notice a difference, Then try the samething 
with the antenna wire, 


Locate and count the number of radio stations 
you can receive during the day, Then see how 


many more radio stations you can receive at 
night, 


Make a list of all the stations you can receive, 
Write down the TUNING CAPACITOR knob 
position and the call letters for each station, 


If you are not using the 25' wires. you can con- 
nect the Remote Station to the Workshop in the 
following manner, Theneither the remote speak- 
ег ог the Workshop speaker can be used, 


( ) Remove the 4" wire from T11 to SP4. 


( ) Connect a 6" wire from Т11 to SP2, 


( ) Connect a 3" wire from S3 to SP1. 


( ) Connect a 25' wire from SP3 on the Remote 
Station to SP2 on the Workshop, 


( ) Connect a 25' wire from COM onthe Remote 
Station to S1 on the Workshop, 


Now when the SLIDE SWITCH is in Position2, the 
Workshop speaker will operate, When the SLIDE 
SWITCH is in Position 1, the Remote Station will 
operate, 
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WHAT HAPPENS IN THE CIRCUIT 


Three-Transistor Receiver 


12 3 4 5 6 7 


NOTE: This section was deseribed 
in EXPERIMENT 26, 



















From the CONTROL, the signal 
passes thru the 10 pF CAPACITOR 
to Q4, Here it is amplified again and 
coupled to the SPEAKER, 


The SPEAKER changes the signal 
into sound, 


<> 


This SWITCH connects the 
batteries to the rest of the 
circuit, 
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EXPERIMENT 28 


Four-Transistor Receiver 


This Four-Transistor Receiver is almost the NOTE: AM radio Receivers are built in Ex- 
same as the Three-Transistor Receiver, except periments 26, 27, and 28, The simplest Receiver 
that a fourth transistor is added to increase the is in Experiment 26, Then, circuits are addedin 


sound from the speaker, each Experiment until the largest Receiver is 
built in this Experiment, 















> 

2 

4 

т 

2 

2 
N 
(CNS 


kN 


О Г 


$3 


пл 


l 


22, 7: 
«Эр 
= 


54 55 56 


uon 
n 








POSITION ! TALK 
e SLIDE 
| TUNING SWITCH 
- CAPACITOR Ф CONTROL ® KEY Ф 





S ВЕ 
WI 
SS TO GROUND 
Z CONNECTION 
(SEE PAGE 113) 





Расе 123 















| 

25 
=ї 
го 

= | = 

Wl о 


< | д |< |72 |< |<. | © |4 
вол 
я 
ол 20 


"Iw mI" 
i 

Ola 

O 20 |< | Z 

с^ |0 |-> 
т 
à 
e 


ГЕС MEI 
[| [eR туп 
on oo - 
ae а 
ee о — 
eco) e| — 
Cv ae ш - 
em м 
9а и - 


THIRTEEN 6'' RED 


~ 
В 
Ww 


20 
— 
I 


* 


4 К 


< 
27 
Ww 
| 
— 


a 1—4 20 | 20 Б 
ae md: |ЖЖ 
— | С^ 


20 
m 
— 


Guat 
> 





< |> 
> | 
— ie 
оо оО 
СЗ 
— 
ыл 


"9 
20 
сЗ 
су 
— 
Ww 









ONE 8" ORANGE x 


C» — 


ONE 10" YELLOW 





| & |< à 
zo |20 
N | № 
мә ›— 

cn 

"UU 

№ 


25 WHITE 
25' WHITE -BLUE ^ 


SEE" ANTENNA 
CONSIDERATIONS “ 
ON PAGE 113. 


OPERATION 


( ) Refer to the "Antenna Considerations" on 
Page 113, Then complete the ANTENNA and 
GROUND connections to your Workshop. 


NOTE: Radio waves usually travel farther at 
night, Therefore, you can usually tune in more 
stations at night, 


( ) Turn the CONTROL clockwise until the 
switch clicks ON, Adjust the CONTROL to 
a comfortable listening level, 


( ) Turn the TUNING CAPACITOR knob until 
you hear a radio station, 


( ) After tuning in a radio station, you may 
have to increase or decrease the volume, 


( ) Turn off the CONTROL when you are not 
using the Receiver, 


*NOTE: Wires marked with an asterisk (*) are 
used in Experiments 26, 27, 28, and 29, Leave 
these wires in place, and remove only the other 
wires, if you decide to change from this circuit 
to Experiment 26, 27, or 29, 
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THINGS TO DO AFTER THE EXPERIMENT 


Locate and count the number of stations you can 
receive, Write down the TUNING CAPACITOR 
knob position andthe callletters for each station, 
Then compare this with the list of stations you 
made at the end of Experiment 27, 


Amplifiers make things larger, In the following 


steps you will operate the Radio with and without 
amplifier transistor ©З. 


( ) Tune in a station on the Receiver, 


Ц 
— 


Disconnect the 6" red wire from С13, 


— 
— 


) Connect one end of a 4" brown wire to C12, 


— 
ч" 


Touch the other end of the 4" brown wire to 
C13, Q3 is now bypassed and not being used, 
Notice that the sound is not as loud as it 
Was before, 


— 
— 


Disconnect the 4" brown wire from C13, 


( ) Reconnect the 6" red wiretoC13, G3 is con- 
nected up again, 


If you are not using the 25' wires, you can connect 
the Remote Station tothe Workshop inthe follow- 
ing manner, Then either the remote speaker or 
the Workshop speaker can be used, 


( ) Remove the 4" brown wire from T11toSP1, 
( ) Connect а 6" red wire from Т11 to S2, 
( ) Connect a 3" black wire from 53 to SP1, 


( ) Connect a 25' wire from SP3 on the Remote 
Station to SP2 on the Workshop. 


( ) Connect a 25' wire from COM onthe Remote 
Station to S1 on the Workshop. 


Now, when the SLIDE SWITCH is in Position 2, 
the Workshop speaker will operate, When the 
SLIDE SWITCH is in Position 1, the RemoteSta- 
tion will operate, 
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WHAT HAPPENS IN THE CIRCUIT 
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Four-Transistor Receiver 
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The CONTROL adjusts the 
amount of signal that goesto 
3 


From the CONTROL, the signal 
passes thru the 10 uF CAPACITOR 
to Q3, Here it is amplified and passed 
thru another 10 uF CAPACITOR to 


Q4 
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Q4 amplifies the signal so it iseven 
larger, and then passes it to the 
SPEAKER, The SPEAKER changes 
the signal into sound, 








CONTROL 
The RESISTORS connect the $ 

WIT CH 
right amount of voltage to the 
transistors, 


The SWITCH connects the 
batteries to the rest of the 
Circuit, 


The BATTERIES supply 
electricity to the rest of the 
cicuit, 


SIGNA) 


Automatic Radio 





This section was described in EX- 
PERIMENT 26. 
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With the LDR in the dark, not much 
current can pass thru Q3, 


With more light, the LDR turns Q3 on 
harder and more current goes thruit 
(Q3), This makes more battery volt- 


age available at Q1 and Q2 sothey can 
amplify more and make a larger sig- 





The RESISTORS connect the 
right amount of voltage tothe 
transistors, 





IOF 


Qu 


o> 
= 


SIGNALS 


The CAPACITORS filter out 
signals that are not wanted, + 


From the CONTROL, the signal 


passes thru the 10 uF capacitor to 
Q4. G4 amplifies the Signal and cou- 
ples it to the SPEAKER, which 
changes it to sound, 





68010. 


The CONTROL SWITCH cor 
nects the batteriestothe re: 
of the circuit, 


6VOLTS 


УПО: 


The BATTERIES supp! 
5640. electricity to the rest of th 


IOOLF circuit, 


Qu» «е 
dus 





Page 126 HEATHEIT 





EXPERIMENT 29 
Automatic Radio 
In this Experiment you will build a Radio where 


the volume will depend on the amount of light 
in the room, 
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ЮРЕНЕ uy *NOTE: Wires on the wiring chart marked 
with an asterisk (*) are used in Experiments 
26, 27, 28, and 29, Leave these wires in place, 
and remove only the other wires, if you decide 
to change from this circuit to Experiment 26, 
27, or 28, 
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OPERATION 


( ) Refer to the "Antenna Considerations" on Page 113, Then 
complete the ANTENNA and GROUND connections to your 
Workshop. 


( ) Turn the CONTROL to ON, and then adjust it for a com- 
fortable listening level, 


( ) Tune in a station, Then move your hand back and forth over 
the LDR and notice the difference in volume, 


( ) Turn off the CONTROL, 
PARTS 
OLD PARTS 


BATTERY SWITCH RESISTOR CAPACITOR 


CONTROL 





WHAT HAPPENS IN THE CIRCUIT 
See the fold-out from Page 126, 


THINGS TO DO AFTER THE EXPERIMENT 


( ) Connect a 3" black wire from B4 to LA. 
( ) Connect a 6" red wire from L2 to Ki, 
( ) Connect ап 8" orange wire from K2 to N4, 


( Turn the CONTROL to ON, and then adjust it for a com- 


fortable listening level, 


Dim the lights in the room and point the end of the LDR 
toward the Lamp, 


—] 
wx 


Push the KEY and see how the volume changes, 


MET 
— 


Point the LDR away from the Lamp and press the KEY 
again, 


eo 
м 


Turn off the CONTROL when you àre not using the Radio, 


/— 
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EXPERIMENT ЗО 
Field Strength Indicator 


A Field Strength Indicator is used to measure from a broadcasting station, Inthis Experiment, 
the strength of a radio or television signal, you will build a simple Field Strength Indicator 
Electronic Engineers use them to see how strong so you can see how they operate, 

the signal is at various distances and directions 
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WIRING CHART OPERATION 


| | [м TO 
SIX 3" BLACK АА № | NI 
u № Cl 
( ) Temporarily connect a 3" black wire from 
A2 to A3, 


cs | | 
B3 
R13 -a ( ) Turn the CONTROL clockwise until the 
Tl C3 meter needle moves just above zero, 
ИИ 


( ) Refer to the "Antenna Considerations" оп 
Page 113, Then complete the ANTENNA 
and GROUND connections to your Workshop, 


























( ) Remove the 3" black wire that connects A2 
to A3, 


In the following steps the Meter will show the 
Strength of each signal you can receive, Weak 
Signals will be down near zero and strong sig- 
nals will be near 5 on the Meter, If an extra 
strong signal makes the Meter indicate more 
than 5, disconnect the antenna or ground wire, 
This will make the signal weaker so you can 
measure it on the Meter, 


In a professional Field Strength Meter, the 
meter indicates in a quantity called "micro- 
volts" (millionths of a volt), 





ONE 10" YELLOW 





NOTE: The Earphone isonlyusedinthis Experi- 
ment totune in stations so you can see how strong 
their signal is on the Meter, Do not be concerned 
if the sound is distorted, 


EARPHONE 








25' WHITE | SEE "ANTENNA 


CONSIDERATIONS" 
ON PAGE 113. 


25' WHITE-BLUE ( ) Place the Earphone in your ear, 





( ) Tune in the station you want to check, 
The Meter will show how strong the signalis, 


( ) Now tune in each of the other stations you 
can receive, The Meter will show you which 
stations are stronger, 


( ) Turn off the CONTROL when you complete 
the Experiment, 
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PARTS 
OLD PARTS 


BATTERY SWITCH 


RESISTOR 


TUNING CAPACITOR EARPHONE ANTENNA COIL 
— 


Хх] 


&-|pi 


He | o^ 7 





THINGS TO DO AFTER THE EXPERIMENT 


A tuning meter can also be usedtotell you when 
a station is tunedin properly. The following steps 
will show you how this Field Strength Indicator 
may be used for this purpose, 


( ) Turn the TUNING CAPACITOR fully coun- 
terclockwise, 


( ) Take the Earphone out of your ear, 


( ) Tune in a station using only the Meter by 
watching for the highest indication on the 
Meter, 


( ) Now listen to the Earphone, You should hear 
a station, 


Tuning meters help you tune in stations accu- 
rately, This accurate tuning is very important 
in FM stereo when you want your music to sound 
best, 
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б 
WHAT HAPPENS IN THE CIRCUIT 





Field Strenth Indicator 


4 6 


The CONTROL, inthiscircuit, is set 
TRANSISTOR Q1!  amplifies this 


i i j so just the right amount of voltage is 
tuned-in signal (makes it larger), но е base (B) of QR, ТЕ make so 


change the tuned-in radio signal (RF) 
into the type of signal (audio or AF) 
that will operate an earphone, 













The EARPHONE changes the signal 
into sound, The ,02 uF CAPACITOR 
filters out signals that are not wanted, 






The radio signal makes an electric 
current signal flow іп ће ANTENNA, 
7 
^4 
/ 
/ 


The ANTENNA COIL passes these 
radio station signals to the TUNING 


/ 
X 
ri CAPACITOR, 
/ 
/ 
/ 3 
/ 
/ The TUNING CAPACITOR and AN- 







4 












From Q1, the signal passes thruthe 
.05 uF capacitor to the CONTROL 
and to $2, 


TB 


The METER shows how strong the 
signal is, Larger signals will make 
the meter move further up the scale 
toward 5, The 100 pF CAPACITOR 
helps change the signal into thetype 


















| of electricity you can measure оп a 
/ l meter, 
/ TENNA COIL forma "tuned circuit," l 
/ which tunes in one signal anddisre- | P d 
/ gards all the others, <#> | и 
ANTENNA / j | „^ 
/ we | The RESISTORS connect the p 
^ right amount of voltage tothe ^ 
/ ж І transistors, EARPHONE P d 
/ „^ І ^ 
/ 2 4700 f І / 
/ ^ І ^ 
á / 
( ^ 100 kn [ / 150 Ка 
7 | CONTROL 
/ | d j RI SWITCH 
| @ 
; .05 UF 
|| The .01 uF CAPACITOR The CONTROL SWITCH con- 
ý || passes the signal from the T nects the batteries tothe rest 
|| antenna coil to Q1, / of the circuit, 
/ 
i ої НЕ / VN г / 
/ ; 
| <ae> C47 C en» (B) L] / 
| юн». j 
| (Е) f 
+ 
100kn — 
С: аә: CONTROL — 6 VOLTS 
— The BATTERIES supply 
This CAPACITOR filters out .005 РЕ 1000 п = Herme to the rest of the 


signals that are not wanted, 


GROUND 
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SIGNALS ШШШ) 
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EXPERIMENT 31 
Code Transmitter 


Use this Code Transmitter to learn the Morse 
Code (fold-out from Page 163) andto send signals 
that you can hear in your Radio, 
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WIRING CHART 
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OPERATION 


NOTE: It is against government regulations to 


use a wire more than 10 feet long in the next 
step, 





( ) Connect a wire less than 10 feet long to the 
ANTENNA spring, 


7 8 
— 


Place the unconnected end of this wirenear 
an AM radio, 


ES 
— 


Set your AM radio dial to where there is no 
station, 


— 
= 


Put the Earphone in your ear, 


ke 
— 


Turn the CONTROL to ON and push the 
KE Y, You should hear atone in the Earphone, 


= 
= 


Hold the КЕУ down and adjust the TUNING 
CAPACITOR until you hear a tone from the 
radio, 


( ) Move the radio and your Workshop away 
from each other, Your Code Transmitter is 
now ready for use, 


Refer to the Morse Code on fold-out from 
Page 163, To learn the code, practice sending 
and receiving letters and numbers with a friend, 
Try to learn just a few lettersata time; then go 
on to practice several new letters, 


( ) Turn off the CONTROL when you complete 
the Experiment, 


APPLICATIONS 


Code transmitters are used in many forms, 
Airports send out coded Signals that planes 
can use to locate that airport, Coded navigation 
signals are sent out that ships and planes can 
use to find out where they are at, Most ships at 
sea communicate with each other and with shore 
stations by using Morse Code, News services 
also communicate with newspapers and radio 
stations by using automatic code machines called 
"Teletype" machines, 
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PARTS 


OLD PARTS 


BATTERY SWITCH KEY RESISTOR CAPACITOR 
& YY —))) > 
fo | -o | —NA^— 





THINGS TO DO AFTER THE EXPERIMENT 


( ) Disconnect the antenna wire from the ( ) Now, starting at the low end of the radio 
ANTENNA terminal and reconnect it to A1, dial (550 kHz), try to find the highest fre- 
quency at which you can transmit code to 
the radio, Notice that you can now transmit at 

a greater distance from the radio, 








WHAT HAPPENS IN THE CIRCUIT 






Q3 and Q2 form an OSCILLATOR 
circuit, This circuit makes а tone 
(audio or AF) signal when you press 
the KEY, The Key turns this circuit 
on by connecting battery voltage to 





From G2, this signal is passed thru 
the .1 uF CAPACITOR to Q1 andthe 
EARPHONE, The Earphone lets you 
hear the signal from @2, 





the base (B) of Q3, ` 
\ 
\ 
The  RESISTORS connect \ 
22ka the right amount of voltage loka \ 
to the transistors, \ 
R \ д> 
№ 
ү 9-4 OIF 
Ck» <a = EDR 
78, 
E 


i isokn 
KEY Te ~ 
© <#> 


ФЕ 


(Е) Q2 


The ,01 uF, .05 uF, and .1 
uF CAPACITORS pass the 
signal from one place to 
another, 
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Code Transmitter 


3 


TRANSISTOR Gl, the ANTENNA 
COIL, and the TUNINGCAPACITOR 
form another Oscillator circuit, This 
oscillator makes the кіпа of signal 


that can be broadcast from an an- 
tenna, 












Ano ES 


1000 Nn 


\ AP» 
O 


8200 N 


\ оока 


Qu» LO 


` (CN 
<> «>С | Ne <> 
on 


ques JA ULF 


signal to sound, 





EARPHONE 


The ЕАВРНОМЕ changes the 









tone attached to it, 


This CAPACITOR filters out 
signals that are not wanted, 


680 а .02 UF 


The tone signal from Q2 and theos- 
cillator signal from Q1 are mixedto- 
gether inQ1 andthe ANTENNA COIL, 
This makes a radio signal with the 
















LIP 
O 
AME GROUND 


The complete signal is broadcast 
from the ANTENNA, 


19" 
WIRE 
$ 
The CONTROL switch con- 
nects the batteries to the 
rest of the circuit, 


6 VOLTS 





The BATTERIES supply 
electricity to the rest of the 
circuit, 
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EXPERIMENT 32 
Voice Transmitter „е =” 
This Transmitter will change your voice signals into radio ый" 0" 
waves, Then you will be abletohear your voice on the radio, x. o^ 
e уу" 
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WIRING CHART 
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OPERATION 


ADJUSTING THE TRANSMITTER 









NOTE: It is against government regulations to 
use a wire more than 10 feet long in the next 


step, 






) Connect a wire less than 10 feet long to the 
ANTENNA spring, 


( ) Place the unconnected end of the antenna 
wire near an АМ radio, 


( ) Set the radio dial to where there is no 
station near 600 (marked 60 or 6 on some 
radios) on the dial, 


( ) Turn the CONTROL on the Workshop to ON, 


( ) Tune the TUNING CAPACITOR until you 
hear a quiet spot (very little noise) on the 
radio, 


( ) Adjust the CONTROL for clearest sound, 


USING THE TRANSMITTER 


( ) Move the radio and your Workshop away 
from each other, 


( ) Talk into the Earphone and have someone 
listen to the radio, 


NOTE: It may be necessary to readjust the TUN- 
ING CAPACITOR and the CONTROL for the loud, 
clear sound, 


( ) Turn ой the CONTROL when you are пої 
using the Transmitter, 


APPLICATIONS 


The voice transmitters you think of most com- 
monly are used at radio and television stations, 
But voice transmitters are also used in many 
other applications, almost toonumerous to men- 
tion, Some of these are: between police cars and 
police stations, between fire trucks and fire sta- 
tions, between airplanes and ground, between 
railroad locomotives and railroad terminals, and 
in many different ways by all the armed forces, 
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ВАПЕКУ 
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TRANSISTOR 


XL 


PARTS 


OLD PARTS = 


RESISTOR RO CAPACITOR 


TUNING CAPACITOR 
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THINGS ТО DO AFTER THE EXPERIMENT 


( ) Disconnect the 


antenna wire from the Now, starting at the low end of the radio dial 


ANTENNA terminal and reconnect it to A1, (550 kHz), try to find the highest frequency at 


which you can transmit your voice to the radio, 
Notice that, at higher frequencies, you can 
transmit at a greater distance from the radio, 
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WHAT HAPPENS IN THE CIRCUIT 


Voice Transmitte, 


3 4 5 


Transistor Qt, the ANTENNAC IL 
and the TUNING CAPACITO ; 
















The EARPHONE changes sounds into 
electrical signals, These signals are 
then applied to the CONTROL. 


From the CONTROL, the signal is 
coupled thru the,05 uF CAPACITOR 
to Q2, where it is amplified, 





The voice signal from Q2 and the 
oscillator signal from Q1 are mixed 
together in Q1 and the ANTENNA 
COIL, This makes a radio signal with 


your voice signal attached to it, 


R are 
uit, a 


This oscillator makes the kind of 


signal (RF) that can be broadcast 
from an antenna, 


connected as an oscillator Circ 
circuit that makes its own gj 





< 





$— 9$ 
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1 
\ И 
® 
\ И 
The CONTROL SWITCH con- \ 11 
nects the batteries tothe rest \ И 
of the circuit, \ il 
\ The RESISTORS connect the Ка || 
\ right amount of voltagetothe 1000 И 
\ transistors, ‚ГЕ 11 
\ i! 
М & k \ Ф D Ca (N25 il 
SN lOOKN CONTROL isoka T 
ыл СУЕ АОСУ АСР: | 
` Um X GC 2563» «D. | 
~ . ІІ 
~ | 3 4 т" А | 
` L 
EARPHONE е в This CAPACITOR filters out (8) «а» «D 
signals that are not wanted, 
Q2 O <a Q1 
ы <> «< 
6 VOLTS a 


.005 ШЕ 6800 


The BATTERIES supply 
electricity to the rest of the 


Cy 
AS 


The complete signal is broadcast 
from the ANTENNA, 


10' 
WIRE 
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Capacity Relay 


A Capacity Relay is used to give a warning of 
some kind when someone gets near it or touches 
it, In this Experiment, you will connect a wire 
from the Capacity Relay to a doorknob, or 
Some other metal object, Then the Lamp will 
light whenever anyone touches the doorknob, 
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Capacity Relays are used as detecting devices 
in burglar alarms, to tell when people come 
into a certain area, to count things on assembly 
lines, and in many other ways, The ones used 
in industry and as burglar alarms are much 
more sensitive than the one in this Experiment, 
These commercial capacity relays will operate 
as soon as anyone even gets near them, 
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OPERATION 


TESTING 
( ) Turn the TUNING CAPACITOR to 1600, 


( ) Turn the CONTROL to ON, The Lamp 
should not be lit, 


( ) Touch A1, The Lamp should light, 


USING THE REL AY 


NOTE: It is against government regulations to 


use a wire more than 10 feet long in the next 
step, 





Do not connect the following wire to a very 
large metal object, like a metal deskor cabinet, 
or the circuit will not operate properly, 


( ) Connect as short a wire as possible (less 
than 10 foot long) from A1 on the Workshop 
to a nonpainted part of a metal doorknob 
(or other metal object), This wire could be 
connected under the head of a screw, for 
example, 


m 
>= 


Touch the doorknob, The Lamp should light, 
(If it does not light, have someone hold the 
doorknob while you turn the TUNING CA- 
PACITOR slowly counterclockwise untilthe 
Lamp does light.) 


The Capacity Relay is now in operation, It will 
light the Lamp anytime someone touches the 
doorknob, 


( ) Turn off the CONTROL when you complete 
the Experiment, 
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PARTS 
OLD PARTS 
BATTERY SWITCH LAMP RESISTOR CAPACITOR 
и 
TRANSISTOR TUNING CAPACITOR ANTENNA COIL 
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WHAT HAPPENS IN THE CIRCUIT 


Capacity Relay 


TRANSISTOR Q1, with the ANTEN- When the oscillator circuit stops, When Q3 turns on, it makes Q4 turn 
NA COIL and TUNINGCAPACITOR, current stops going thru Q1, This off, 
form an oscillator circuit: a circuit makes Q3 turn on, 


that makes its own signal, This cir- \ 
cuit is so Sensitive that just touching \ 
the DOORKNOB will make the oscil- 

lator circuit stop, 








When Q4 turns off, current stops 
going thru it and the RELAY COIL, 
This makes RELAY ARM ВУ4 move 
out and touch contact RY5, 


Battery current now flows thru RY4 
and RY5 and lights the LAMP, This 
Shows that someone is touching the 
door knob, 


















* 
TO DOORKNOB 


This CAPACITOR filters out 
и signals that are not wanted, 


The CONTROLSWITCH con- 


/ ә nects the batteries tothe rest 
Я of the circuit, 


=» Ө VOLTS 





The RESISTORS connect the 
right amount of voltage to 
the transistors, 







This CAPACITOR passes the 


COIL and Q1, 


oscillator signal betweenthe 25 % 
005 UF /V 





9 © CARY 


The BATTERIES supply 
electricity to the rest of the 
circuit, 


R4 


S 
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* 
THIS WIRE MUST NOT BE ANY LONGER THAN 10. 





Расе 144 


ЕТ Е АГЕ Е тт" 





EXPERIMENT 34 
Wheatstone Bridge 


A Wheatstone Bridge is a laboratory instrument 
used to accurately measureresistance, This Ex- 
periment will help you learn how it operates, 
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CALIBRATION 
( ) 1. Connect one test probe end to R11. 


( ) 2. Connect the other test probe endto R12, 


( ) 3. Place the SLIDE SWITCH in Position 
1. 


( ) 4. Turn the CONTROL clockwise to ON, 
The Meter pointer should move t. the 
left of zero, 


( ) 5, Turn the CONTROL clockwise slowly 
until the Meter pointer moves to zero, 


( ) 6, Push the KEY, Then slowly adjust the 
CONTROL again until the Meter reads 
zero, The bridge is properly balanced 


when the Meter pointer does not move 


while you press and release the KE Y, 


The CONTROL knob should now be pointing at 
just a little over 8 (8,2), indicating that the 
electrical size of this resistor is 8200 Q (ohms). 
If it does not, loosen the control knob setscrew, 
and carefully reposition the pointer at 8,2, Then, 
tighten the setscrew again, 


These steps have shown you how a Wheatstone 
Bridge works by measuring the 8200 2 (ohm) 
resistor, Other resistors can also be measured 
in this same manner, but because this circuit 
does not use expensive parts, the measurements 
may not be very accurate, Professional Wheat- 
stone Bridges use very elaborate, precision 
parts to make sure they measure accurately, 
They also have more controls, 
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OPERATION 


NOTE: When the SLIDE SWITCH is in Position 1, ( ) Disconnect the test probe from R14 and 
you can connect the test probes to measure connect it to R4, 

any resistance value between 1000 Q and 10 КО, 

When the SLIDE SWITCH is in Position 2, you can ( ) Place the SLIDE SWITCH in Position 2. 
connect the test probes to measure any re- 


sistance between 100 КО and 1000 КО (1 million ( ) Now measure the resistor by repeating steps 
ohms, or 1 М9), The following Examples will 4, 5, and 6, The CONTROL knob should point 
demonstrate how the Wheatstone Bridge operates, to approximately 1.5, indicating that the 
electrical size of this istor is 150 kQ, 

EXAMPLE #1: MEASURING THE 4700 Q RE- киы шин ык пыла ШЫ 
SISTOR, 
( ) Disconnect the test probe from R11 and con- 

nect it to R13, EXAMPLE #3: MEASURING THE 270 KQ RESIS- 

TOR, 


( ) Disconnect the test probe from R12 and 


connect it to R14, ( ) Disconnect the test probe from R3 and 
connect it to R1, 
( ) Now measure the resistor by repeating steps 


4, 5, and 6 on Page 145, The CONTROL ( ) Disconnect the test probe from R4 and con- 


knob should point to approximately 4,7, nect it to R2, 
indicating that the electrical size of this 
resistor is 4700 О, | ( ) Now measure the resistor by repeating 
steps 4, 5, and 6, The CONTROL knob 
EXAMPLE #2: MEASURING THE 150 KQ RE- should point to approximately 2.7, indicating 
SISTOR, that the electrical size of this resistor is 
270 KQ. 
( ) Disconnect the test probe from R13 and 
connect it to R3, ( ) Turn off the CONTROL, 


PARTS 


OLD PARTS 


BATTERY SWITCH RESISTOR 


= —ox*o— 
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WHAT HAPPENS IN THE CIRCUIT 


Wheatstone Bridge 


3 


Current will flow thru both the left- 
hand side (R1 and R2) and the right- 
hand side (RX and R3) ofthe Bridge. 
When the CONTROL is adjusted SO 
no current goes thru the Meter т 
the center, the Bridge (electrical 
scales) is balanced, 














When the Bridge is balanced, the set- 


A BRIDGE is like an electrical 
scales, This one is used to measure 
resistance, 


ting of the CONTROL (andthe setting 
of the SLIDE SWITCH) can be used to 
tell you how large the resistance is, 





CONTROL 
SWITCH 









The resistance to be measured is 


connected between B3 and V1, and 

is called RX, (RX stands for "'un- <» <» е 
known resistance,"') This SWITCH connects the 
batteries to the rest of the 


circuit, 





TEST 
PROBES 





-- 


6 VOLTS 





The BATTERIES supply 
electricity to the rest of the 
circuit, 


POSITION 1 POSITION 2 оока р" R3 


CONTR 
$37 о © C “ОЪ, МЕТЕВ a 
rert 
cya s «ДШ». 2 б 
o 909 <> eo 
The KEY makes the meter 


SLIDE we 
SWITCH more sensitive to produce a 
LRD more accurate CONTROL 
reading, 
These RESISTORS provide a 
high and low range for meas- 
uring resistance, оока 
<: This RESISTOR protects the 


meter from damage, 
оооп 


В2 25 d 22kn <> < cin 


6 EXAMPLES 


1. Control setting: 1-1/2 
Slide Switch: Position 1 









The SLIDE SWITCH gives you two 
measuring ranges, Position 1 is the 
Low Range: multiply the Control set- 
.ting x 1000, Position 2 is the High 
Range: multiply the Control setting 
x 100,000, 


ВХ = 1-1/2 x 1000 = 1500 Q 






2. Control setting: 3 RX = 3 x 100,000 = 300,000 2 
Slide Switch: Position 2 









® 
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EXPERIMENT 35 
Capacitor Bridge 


Capacitor Bridges are used to measure the NOTE: Be sure you have done Experiment 34 
electrical size of CAPACITORS, They are before you do this Experiment, This will cali- 
used in laboratories for research and testing, brate the CONTROL so you will get more accu- 
and by radio and television repairmen tolocate rate measurements with this Capacitor Bridge, 
bad capacitors, This Experiment will help you 

learn how they operate, 
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OPERATION 
TESTING 
( ) Connect one test probe to C5, 
( ) Connect the other test probe to C6, 
( ) Place the Earphone in your ear, 
( ) Turn the CONTROL past position 10. 


( ) Then turn the CONTROL counterclockwise 
slowly until you hear no sound, The knob 
should be pointing to about 5, 


( ) Now use the number the CONTROL knob 
points to with the formulas in boxes Тапа 8 
on the Schematic (Page 151), The formulas 
will give you an indication of the electrical 
size of the capacitor (.02 uF). 


Turn off the CONTROL when you complete 
the Experiment, 


A. 
w 
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BATTERY SWITCH 
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THINGS TO DO AFTER THE EXPERIMENT 


Repeat the previous steps except connect the NOTE: The formula should give an answer of 
test probes to СТ апа C8, about .05 uF, 
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WHAT HAPPENS IN THE CIRCUIT 


Capacitor Bridge 













The signal developed by &1 and G2 is 
passed thru the 10 НЕ CAPACITOR 


to the Bridge circuit, 





Q1 and Q2 form an OSCILLATOR 
circuit, a circuit that makes its own 
signal, The ,01 uF CAPACITOR 
helps make the signal, 









The RESISTORS connect the 
right amount of voltage tothe 
transistors, 






OOSpF 


Tomme <> 
ds 


150kn 






Current will flow thru both the left- 
hand side (C1 and R1) and the right- 
hand side of the Bridge, When the 
CONTROL (R2) is adjusted for least 
sound (least signal) thru the Ear- 
phone in thecenter, the bridge (elec- 
trical scale) is balanced, 












When the Bridge is balanced, you can 
find the value of capacitor CX by fol- 
lowing the directions in boxes 7 and 8. 





















The capacitor to be measured is 
connected between C10 and V1, and 
is called CX, (CX stands for "un- 
known capacitor,"’) 


^ BRIDGF is like an electrical 
Scale, This one is used to measure 
the electrical size (capacitance in 
ИЕ) of unknown capacitors, 






























This SWITCH connects the 







NTROL 
pog batteries to the rest of the 
circuit, 
The CAPACITORS pass the 
signal from one place to 
another, + 
== The BATTERIES supply 
10 uF aaas electricity to the rest of the 
— circuit, 


8 










To find the value of CX, divide the 
value of R1 (10k) by the value of 
R2 (50k) and multiply this by the 
value of C1 (.1 uF), For example: 
CX = Ча 

R2 


10.000 









10kn R> зоока 


CONTROL 










First, find the value of R2 by multi- 
plying the CONTROL setting by 
10,000, For example, if the CON- 
TROL setting is 5, then 5 x 10,000 = 
50,000 2 or 50 k, 







IN CASE OF DIFFICULTY 


Any difficulty you have will be due to one of 
the following three causes: 


1, Because an Experiment was not wired 
correctly. 


2, Because the Workshop was not assembled 
correctly, 


3. Because of a faulty part, 


If you still cannot find your trouble after follow- 
ing these directions, refer to Pages 14 and15 of 
the Kit Builders Guide, These pages will tell 
you how youcan get help from the Heath Company. 


CAUSE #1: EXPERIMENT WIRING CHECKS 


Because faulty wiring is the most likely cause 
of a difficulty, you should make the following 
checks first if an Experiment does not work 
properly. 


1. Ве sure each wire is fastened to the right 
place, Check for a wrong connection where 
you see more than two wires at a Spring, 
or a part with only one wire connected to 
it, Check each wire againstthe Wiring Chart 
and Pictorial, 


2. Make sure each wire end is fastenedtightly 
to a spring. 


3, For radio receiver Experiments, check the 
antenna and ground connections at both ends 
of these wires, (NOTE: A wire willnot make 
a good connection if it is connected to a 
painted surface.) 


4. You might cure your trouble by removing 
all wires and rewiring the Experiment, 


5. Your science teacher, or a local amateur 
radio operator or TV serviceman, may be 
able to look at the Experiment and tell you 
what is wrong, 


153 
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CAUSE #2: WORKSHOP ASSEMBLY CHECKS 


1. Be sure the shoulder washer is properly 
mounted at the end of each battery bracket, 
Refer to the Note at the top of Page 20, 


2, Check the batteries to be sure they all face 
in the right direction, Also be surethey are 
good by trying them in a flashlight, The 
flashlight should glow brightly, 


3. Be sure allhardware is tightened all the way, 
and that each wire is properly connected 
under its nut, screw, or spring, 


4, Be sure all wires go to the right places, 
Check them against Pictorial 1B (fold-out 
from Page 23), 


5. Be sure each wire touches only its own con- 
nection, A wire could easily touch more than 
one terminal, for example, on a Switch, 
meter, or tuning capacitor, This is calleda 
“short circuit," 


6. Be sure each capacitor and resistor is in- 
stalled in the right place, The electrical size 
marking on each capacitor (.01, for example, 
or .1) should match the marking on the Work- 
Shop, See Pages 10 and 11. 


7, Ве sure each transistor is properly in- 
stalled, The flat side should facetowardthe 
resistors and be turned part waytowardthe 
Relay, Check carefully to be sure each lead 
goes to the right place, The center lead 
should go to C, Refer to the steps under 
"Transistors" on Page 9, 


CAUSE #3: CHECKING FOR BAD PARTS 


The following paragraphs tell you how touse the 
tests in this section, Complete the Lamp and 
Control Switch Test first, Then locate the tests 
for the parts you want totest, After you complete 
each test, turn the Controlto OFF and disconnect 


all wires from the Workshop. 


If а part seems to be faulty, you can get a re- 
placement part in one of several ways: 


1. Write for a new part to the Heath Company, 
Benton Harbor, Michigan 49022, See "Re- 
placement Parts" on Page 14 of the "Kit 
Builders Guide", 


2. Contact your nearest Heathkit Electronic 
Center or AuthorizedService Center, These 
are listed in your Heath Catalog, 


3, Obtain a new part of the same type from a 
local electronic parts store or TV service 
Shop, 


NOTE: Be sure to give the part number of the 
bad part if you contact the Heath Company or a 
Heathkit Center, Refer tothe Replacement Parts 
Price List on Page 165, 


LAMP AND CONTROL SWITCH TEST 
( ) Connect а 3" black wire from B4 to 11, 


( ) Connect a 6" red wire from L2 to N4, 


( ) Turn the Control to ON, The Lamp should 
light, If it lights properly, the Lamp andthe 
Control Switch are operating properly. Go 
on to the next Test, 


If the Lamp does not light properly, make the 
following test, 


( ) Touch ascrewdriver blade, at the same time, 
to terminals 4 and 5 of the Control Switch, 
See Pictorial 1 (fold-out from Page 7). 


1. If the Lamp does not light, the Lamp is 
faulty and should be replaced, 


2. If the Lamp lights, the Control Switch is 
faulty, Remove the wires and springs from 
control switch terminals 4 and 5, Then re- 
connect them to the other two terminals 
near 4 and 5, Ifthe Lamp still does not light, 
replace the Control, 


R) 
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SPEAKER, EARPHONE, ANTENNA COIL, 


REMOTE STATION, AND SLIDE SWITCH TESTS 


( ) Connect a 3" black wire from B4 to 1. 


( ) Connect one end of a 14" brown test probe 
to L2, 


( ) Connect one end of another 14" brown test 
probe to N4, 


( ) Turn the Control to ON, 
Speaker 


( ) Touch one test probe to SP1, the other 
probe to SP2, The Speaker should thump 
and the Lamp should light dimly, 


Earphone 


( ) Touch one test probe to each earphone lead, 
The Earphone should thump very lightly, 
but the Lamp should not light, 


Antenna Coil 


Touch the test probes to the following Antenna 
connections, The Lamp should light as youtouch 
each pair, 


TOUCH ONE TOUCH THE OTHER 
PROBE TO: PROBE TO: 

( ) ANTENNA GROUND 

( ) AL A4 

( ) A2 A3 


NOTE: The Lamp should not light when you touch 
the probes to any other pair of Antenna connec- 
tions, 


Remote Station 


( ) Touch one test probe to SP3, the other probe 
to COM, The Speaker should thump and the 
Lamp should light dimly, 


NOTE: Ifthe Lamp lights brightly and the Speaker 
does not thump, check to see that the shoulder 
washer is properly placed at SP3, 
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( ) Connect one test probe to SP3 and the other 
test probe to K3, Neither the Speaker or the 
Lamp should operate, If they do, check to 
See that both shoulder washers at K3 are 
properly placed, Also be sure the speaker 
wires are properly installed, 


— 
= 


Press the Key, Both the Speaker and Lamp 
should operate, If neither operates, make 
sure the screws at the rear of the Key and 
at the COM terminal are tight, 


Slide Switch 
( ) Place the Slide Switch in Position 1. 
Touch the test probes to the following Switch 


terminals, The Lamp should light as you touch 
each pair, 


TOUCH ONE TOUCH THE OTHER 
PROBE TO: PROBE TO: 

( )S1 S2 

( ) 54 S5 


The Lamp should not light when you touch any 
other pair of Slide Switch connections (in 
Position 1). 


( ) Place the Slide Switch in Position 2, 


Touch the test probes to the following Switch 
terminals, The Lamp should light as you touch 
each pair, 


TOUCH ONE TOUCH THE OTHER 
PROBE TO: PROBE TO: 

( ) 82 S3 

( ) S5 S6 


The Lamp should not light when you touch any 
other pair of Slide Switch connections (in 
Position 2). 
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RELAY 


( ) Connect a 4" brown wire from L2 to RY3, 
( ) Conect a 6" red wire from ВЗ to Ш. 

( ) Connect an 8" orange wire from ВУ4 to N3, 
( ) Connect a 10" yellow wire from RY2 to N4, 


Connect one end of a 6" red wire to RY1. 


— 
x 


( ) Turn the Control to ON, 

( ) Touch the 6" red wire coming from RY1 to 
B4, The Relay should click and the Lamp 
should light, If the Relay does not click, 
check the wiring at RY1 and RY2, 

( ) Turn off the Control, 


( ) Disconnect the wire ВУЗ and reconnect it 
to RY5, 


( ) Turn on the Control, The Lamp should light, 


( ) Touch the 6" red wire coming from RY1 to 
B4, The Lamp should turn off, 


If the Relay clicks but the Lamp does not light 


properly, check the wiring at RY3, RY4, and 
RM. 
RESISTORS 


( ) Connect one end of a 14" brown test probe to 
B4, 


( ) Connect one earphone lead to N4, If it is 
more convenient later, change this lead to 
№, М2 ог N1, 


( ) Turn on the Control, 


( ) Connect the loose end of the test probe to 
R21, 


( ) Touch the loose earphone lead to R22; the 
Earphone should thump, 


Check each of the other resistors in the same 
manner, Connect the test probe to the odd num- 
bered resistor springs and the earphone to 
the evennumbered springs, The resistor between 
R21 and R22 will sound the loudest, while the 
resistor between R1 and R2 will sound the softest, 


(Я) 
жинү 18 


( ) Connect а 4" brown wire from N4 to М1. 


METER 


( ) Connect a 6" red wire from B3 to R5. 

( ) Connect а 12" black wire from M2 to R6, 

( ) Turn on the Control, The meter needle 
Should be at about 2-1/2, If the needle does 
not move, check the meter wiring, 

If the meter needle moves tothe left of zero, the 


Meter was wired backwards or the batteries 
were installed backwards, 


CONTROL 

( ) Connect а 4" brown wire from B3 to В", 
( ) Connect a 4" brown wire from V1 to N3, 
( ) Connect a 4" brown wire from M1 to N4, 
( ) Connect an 8" orange wire from R8 to V3, 
( ) Connect an 8" orange wire from V2 to M2, 


( ) Turn the Control to ON, The Meter should 
read zero, 


( ) Turn the Control clockwise, The needle 


should reach 5 when the Control is fully 
clockwise, 


10 uF AND 100 uF 
ELECTROLYTIC CAPACITORS 


( ) Connect a 4" brown wire from R7 to B3, 
( ) Connect a 4" brown wire from № to Mi. 


( ) Connect one end of a 14" brown test probe 
to R8, 


( ) Connect one end of a 14" brown test probe 
to M2, 


( ) Turn the Control to ON, 
Before you test each capacitor, touch a 3" wire 


to both of its connectors at the sametime, Then 
remove the wire, 
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4 
When you first touch the test probes toa capac- 
itor, the meter needle should move quickly up- 
scale, Then the needle should move (usually 
more slowly) back down to zero again, If the 
needle does not move up-scale or does not 
return to zero, the capacitor 15 not good or 
was installed backwards (or you did not touch 
both ends of it with the 3'' wire before you tested 
it), The meter needle will move more slowly 


for the 100 uF capacitor, 


CONNECT THE TEST CONNECT THE TEST 








CAPACITOR PROBE FROM М2 TO: PROBE FROM R8 TO: 
( ) 100 uF C16 ш 
( ) 10 uF C14 C13 
( ) 10 uF C12 C11 


OTHER (.005 uF TO .1 uF) CAPACITORS ( ) Connect an 8" orange wire from R8 to TEL, 
( ) Connect one end of a 14" brown test probe 


Wiring The Tester to T8, 


( ) Connect a 3" black wire from Т9 to T10, ( ) Connect one end of another 14" brown test 
probe to ТТ. 


( ) Connect a 4" brown wire from B3 to RT. 
( ) Turn the Control to ON, 

( ) Connect a 4" brown wire from M1 to N4, 
( ) Touch the twotestleadstogether, The meter 
needle should indicate at 5, If the needle does 

not, test transistors Q3 and Q4 before you 


( ) Connect a 6" red wire from T12 to M2. complete these capacitor tests, 


( ) Connect a 4" brown wire from T8 to T11, 
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Testing Capacitors 


Before you test each capacitor, touch a 3" 
wire to both of its connectors at the same 
time, Then remove the wire, 


When you first touch the test probes toa capac- 
itor, the meter needle should move quickly up- 
scale and then back down to zero again, If the 
needle does not move up-scale or does not return 
to zero, the capacitor is faulty (or you did 
not touch both ends of it with a 3" wire before 
you tested it), The needle may not move very far 
for the electrically small capacitors, especially 
for the ,005 uF capacitor, 


CAPACITOR CONNECT THE TEST 
PROBE FROM T8 TO: 

( J) ДЕ C9 

( ) .05 pF Ст 

( ) 02 uF C5 

( ) .01 pF СЗ 

( ) .005 uF C1 


TRANSISTORS 


NOTE: You may also check the transistors by 
checking them with the Transistor Tester of 
Experiment 5, 


( ) Connect а 4" brown wire from R7 to B3, 
( ) Connect a 4" brown wire from N4 to M1. 


( ) Connect one end of a 14" brown test probe to 
R8, 


( ) Connect one end of another 14" brown test 
probe to M2, 


NOTE: A transistor will not check OK if it is 
not installed correctly, Be sure each lead goes 
to the right conector, 


This circuit tests a transistor when you touch 
your fingers to its C and B connectors, This 
will not give you a shock, 


C10 


C8 
C6 
C4 


C2 


CONNECT THE TEST 
PROBE FROM ТТ TO: 


( ) Connect the test probe coming from R8tothe 


( 


= 


wi- 


C connector of the transistor to be tested 
(T11, T8, ефс.). 


Connect the test probe coming from M2 to 
the E connector of the transistor to be 
tested (T12, T9, etc.). 


Turn on the Control; the Meter should indi- 
cate zero, If the Meter indicates above zero, 
the transistor is bad or was wired wrong, 


Wet two fingers slightly and touch the B 
and C springs of that transistor, The Meter 
needle should move up-scale, If the Meter 
does not read, the transistor is faulty or was 
wired wrong, 


DICTIONARY 


NOTE: The Page numbers, listed after the part 
names below, refer to where this part was first 
described, 


POSITIVE (*) NEGATIVE (—) - Electrons only 
со one way in some parts, such as batteries 
and meters, The end of a battery that the elec- 
trons flow out of is called the "negative" (-) 
end, The end of a battery that the electrons flow 
into is called the "positive" (+) end, The 
positive end of a meter or electrolytic capac- 
itor has to be connected toward the positive 
end of the battery, 





ANTENNA COIL (Page 116) - 


The antenna coil is made of 
three coils of wire wound 
around a ferrite (an iron com- 
pound) rod, The first coil is at 
the bottom and is connected to 
the Antenna and Ground springs, 
The second is the white coilthat 
goes from A1 to A4, The third ©9!!$ 
coil is the white-red one con- 
nected to A2 and A3, A group of 

coils spaced close together like 

this can take a radio signalthat 
comes in on one coil andtrans- 

fer it to the other coils, 


FERRITE 


ROD 
Bn oe 


килы . 


PARTS OF A SIZE D 
FLASHLIGHT CELL 


BATTERY (Page 31) - А 
battery uses chemicals to 
make electricity, А car- 
bon rod forms the posi- 
tive (+) pole of the bat- 
tery, A zinc container |f 
forms the negative (-) pole, | 
Other chemical materials № 
Separate the carbon rod 
from the zinc container, 


BUTTON 
POSITIVE (*) TERMINAL 


STEEL TOP 
CARBON ROD 


OTHER CHEMICAL 
MATERIALS 


ZINC CONTAINER 
NEGATIVE (-) 
TERMINAL 
Electrons are pushed out 


from the negative (-) end 
of the battery, go thru the 
circuit, and then go back intothe positive (+) end, 
When the chemicals are all used up, no more 
electrons are given off, 





PLASTIC JACKET 


CAPACITOR (Page 54) - A very simple capac- 
itor could be made of two metal plates spaced 
close to each other (but not touching), Actually, 
most capacitors are made as shown in the 
illustration, A "sand- 
wich" is made of two 
sheets of metal foil that 
are separated by a sheet 
of insulating paper, Then 
the sheets are rolled up 
so the capacitor willnot 
take up much space but ср: BAN 
still will have a large “2s I 
plate area, SSR 







LEAD WIRE 


METAL FOIL 
INSULATION 


PAPER LEAD WIRE 
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CONTROL (Page 36) - 
A controlis actually just 
a different kind of re- 
sistor, The arm of the 
control can be moved to 
any place on a strip of | 
resistive material, This (2 
changes the amount of 

resistance between the 

arm and the other two 

terminals, V 


TERMINALS 


MOVEABLE 
^ ARM 





*» CONTACT 
METAL RESISTIVE 
OUTER MATERIAL 
COVER 


EARPHONE (Page 60) - Т ҮЙ, SP 
An earphone changes 

Signals into sounds; but 
since it is much smaller  . 
than a speaker, the / (S> 
sounds cannot be heard 





THE CRYSTAL 


or light dependent re- 
sistor, is made by put- 
ting a piece of photo- 
conductive material ina 
transparent case, The 
resistance of this piece, 
which is connected be- 
tween two leads, de- 
creases as more light 
strikes it and increases 
as it gets darker, Elec- 
trons, then, flow thru it 





PROTECTIVE 
LDR (Page 96) - An LDR, и 
NS 


MATERIAL 


CONTACT 


easier when it is lighted, In the dark, its resist- 
ance is high; this makes it hard for electrons to 


flow thru it, 


METER (Page 36) - The 


meter consists of a mag- DIAL FACE 


net, a meter pointer that 


POINTER 


PHOTOCONDUCTIVE 


very far away from it, 


VIBRATES 





The illustration shows “\\ cond М. А 

what the inside of your © «т В 

earphone looks like, THE CRYSTAL VIBRATES 
BECAUSE OF THE 


SIGNAL 


SIGNAL 15 
FED IN HERE 


dt ENVELOPE 





LAMP (Page 32) - Electrons 
flow in one terminal of a 
lamp, go thru the fine wires of 
the filament, and out the other 
terminal, The electrons cause 
the filament to get white hot 
and give off light, 


SLEEVE 
TERMINAL 


OS ss E ENTER 


TERMINAL 





The glass envelope is put around the bulb so 
air can be removed from around the filament, 
The filament would burn up immediately if the 
air were left around it, With noair, the filament 
will not burn out for a long time, 


is fastened to a coil, and 
a meter face with mark- 
ings on it, When current 
goes thru the coil it 
makes magnetism, The 
magnetism from this 
coil pushes against the 
magnetism from the | 
magnet, and this push- MAGNET 

ing makes the coil turn, 

The pointer then moves from zero to another 
place on the meter face, As more current flows, 
the coil turns farther and the meter pointer 
moves farther up-scale, 


ЕСК 





RM 


RELAY (Page 55) - A relay isnormallyusedas 
an automatic switch, When current goesthruthe 
coil, the contacts can 

be used as a switch to 

turn on or turn off / 
some otherdeviceor Ги 
circuit, 


CONTACT 
ARM #1 
АКМ 











СОМТАСТ 
#2 







| 


COIL 


HEATHEIT 


RESISTOR (Page 36) - 


А resistor resists CARBON RESISTOR 


the flow of electric p 
current, The unit of - 
resistance is an ohm ^" NCARBON 


(О). A resistor that e COMPOUND 


offers a lot of resis- 
tance tocurrents will 
have a large number 
of ohms, andaresis- 
tance that only offers 
a small amount of 
resistance to cur- 
rents will have a 
small number of 
ohms, 


WIRE-WOUND RESISTOR 






RESISTANCE 
WIRE 


Resistors are usually made from either a carbon 
compound or a length of resistance wire made 
from metal alloys, The accompanying illustra- 
tions show how typical carbon and wire-wound 
resistors are constructed, 







SPEAKER (Page 60) - FRAME 
А Speaker changes elec- CONE № 
tronic signals into  voictcoiL 
sounds, The accom- 

panying illustrations | 
show how your speakers 

are constructed and how | 
they operate, | 





А. THE AMOUNT OF CURRENT 
IN THE VOICE COIL DETER- 
MINES THE AMOUNT OF 
MAGNETISM IN THE VOICE 
GO LL. 


B. THE AMOUNT OF MAGNETISM 
IN THE COIL DETERMINES 
HOW FAR THE COIL IS PUSHED 
AWAY FROM THE PERMANENT 
МАСМЕТ. 


PERMANENT NTA | 
MAGNET і 
ы | li 

CONE QA 


THE CONE MOVES THE AIR 
IN FRONT OF (AND IN BACK 
OF) THE SPEAKER. 


SWITCH (Page 32) - 
Switches open and close 
to let current pass thru 
them, The drawing at the 
right shows you what a 
typical switch looks like 
on the inside, 


TRANSISTOR (Page 50) - HN 


Transistors are made | 
from a special type of 
crystal, This type of 
crystal is calleda semi- 
conductor, 


A transistor contains 
three semiconductor 
crystals put together in 
the form of a sandwich, 
One type of crystal is 
in the center, and anoth- E c 
er type is on each side 

of it, 


The accompanying illustration 
typical transistor is constructed, 
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— sses 


SLIDING METAL 
CONTACT 


SEMICONDUCTOR 
CRYSTAL 
MATERIAL 


EMITTER LEAD 


ИШЕ COLLECTOR LEAD 


[ше LEAD 


B 


shows how a 





INTERNATIONAL 
MORSE CODE 


International Morse Code is shown below and on 
the fold-out from Page 163 in dots and dashes 
for each letter and number, It is also shown in 
the phonetic form, as each letter and number 
actually sounds, Try to learn a few letters of 
the code at a time, After you have memorized 
the code, you will find it necessary torecognize 
the sound of each letter in code to build up your 
code speed, 


Each dot is normally referred to as having 


Examples: The word "dog" 


D О С 
m- © © amm am umm sm um © 
dahdidit dahdahdah dahdahdit 


NOTE: In the following example, the space 
between the words is five times greater than 
the space between the letters, 


T H E D O 

Bara e eoe e o0 e mus © © mmm am um 

dah didididit dit dahdidit dahdahdah 
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the sound "dit," and each dash is referred to 
as "dah," Note that the "dahs" and "dits" are 
run together, like one word for each character, 
since this is how they will sound when sent 
properly. 


Spaces come between the letters, with longer 
Spaces between the words, The space between 
words should be about 5 times greater than the 
Space between letters, 


G R A N 
aum mum ө о mss © Q ша ша © 
dahdahdit didahdit didah dahdit 
HEATHKIT f 


HOW TO LEARN MORE 
ABOUT ELECTRONICS 


This Electronic Workshop has introduced youto 
the fascinating world of electronics, It can't teach 
vou all about electronics, but it might give you a 
strong desire to go further, Here are some ways 


to learn more: 


e The Heath Company has an Educational Ser- 
ies of text books and kits, such as: Basic 
Radio. Models EK-2A and EK-2B; Basic 
Transistors, Model EK-3: and others, These 
teach you electronic fundamentals while you 
have the fun of kit building and experiment- 
ing. You also finish each book with a useful 
device, like a radio or meter, See your 
Heathkit Catalog. 


e Check with your local schools about elec- 
tronics courses or a radio club, 


e For more information about amateur radio, 
write to the American Radio Relay League; 
Newington, Conn, 06111. 


e Several magazines are available for elec- 
tronic hobbyists at your local newsstand, 
Some of these may be too complicated for 
you, but others are not, They might even 
give you ideas for additionalthings you could 
build with your Workshop. 


Check at your local library, Many good books 
are available for beginners in Electronics, Some 
of these books are listed below. 


OTHER BOOKS TO READ 


The books listed below contain information on 
basic electricity, electronics, and on amateur 
radio theory, rules, and practices, 


Epstine, Sam and Вегу!. The First Book of 
Electricity (found in the First Book Library 
for Boys and Girls, New York, Greystone Press). 


Meyer, Jerome S, Picture Book of Electricity, 
New York, Lothrop, Lee, and Shepard Co,, Inc, 


Stoddard, Edward, The Real Book of Electronics, 
New York, Garden City Books, 


Yates, Raymond F, The Boys Book of Communi- 
cation, New York, Harper and Brothers, 

ARRL, Radio Amateurs Handbook, American 
Radio Relay League, West Hardford, Connecticut, 


Merit Badge Pamphlets on Radio, Electricity, 
and Electronics, Boy Scouts of America, 
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А ө um 

В =m 000 
C amm o am o 
D =m oo 
E e 

Г eo wm o 
С шш um e 
H eeee 

I ee 

J ө mm umm uum 
К wm Ө шы 
L o = o è 
М amm aum 


THE CONTINENTAL (INTERNA TIONAL) MORSE CODE 


didah 
dahdididit 
dahdidahdit 
dahdidit 

dit 
dididahdit 
dahdahdit 
didididit 
didit 
didahdahdah 
dahdidah 
didahdidit 


dahdah 


1 e em umm wm в didahdahdahdah 


2 e o umm umm uum 


3 e e o шш um 
4 e e e o = 


5e€e€6090909 


Period 


Comma 


dididahdahdah 
didididahdah 
dididididah 


dididididit 


N 


О 


т O 'y 


л 


NK * £ 4 с d 


Question Mark 

Error 

Double Dash 

Wait 

End of Message 
Invitation to Transmit 
End of Work 


Fraction Bar 


am © dahdit 
‚шын шэл на dahdahdah 
o = ш © didahdahdit 
шин ш о um dahdahdidah 
о am © didahdit 
өөө dididit 
El dah 
оо = dididah 
ооо = didididah 
о = = didahdah 
a o o mm dahdididah 
an © am aum dahdidahdah 
=m шыш © © dahdahdidit 
=m © © © © dahdidididit 
шш am @ © ө dahdahdididit 
шш m =m © © dahdahdahdidit 
am am mm æm ө dahdahdahdahdit 
шша am mm аша sm dahdahdahdahdah 
didahdidahdidah 
dahdahdididahdah 
dididahdahdidit 
didididididididit 
dahdidididah 
didahdididit 
didahdidahdit 
dahdidah 
didididahdidah 


dahdididahdit 





SPECIFICATIONS 


Number of Experiments 


Typical Experiments, .,...2 5 « 


Power Requirements, ...... 


Net Weight. ... 
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35. 


Code Flasher 

Public Address Amplifier 
Intercom 

Loudspeaker Code Oscillator 
Electronic Organ 

Burglar Alarm 

Metronome 

Siren 

4-Transistor Receiver 
Voice Transmitter 


4 type D cells (batteries not supplied). 


White steel frame with red and white experi- 
menter board, 


Experimenter Base: 15-3/4" wide x 12" deep x 4" 
high (with all parts installed), 


Remote Station: 5" wide х 5" deep x 3-3/8" high, 


7-1/2 lbs (including the storage carton), 


The Heath Company reserves the right to discon- 
tinue instruments and to change specifications at 
any time without incurring any obligation to 
incorporate new features in instruments pre- 
viously sold, 


REPLACEMENT PARTS 
PRICE LIST 


PART PRICE 


NO, Each 
RESISTORS 
1-83 ‚10 
1-6 ‚10 
1-7 ‚10 
1-9 ‚10 
1-16 .10 
1-73 ‚10 
1-20 ‚10 
1-22 ‚10 
1-26 ‚10 
1-27 .10 
1-30 „19 
CAPACITORS 
21-140 ‚10 
21-46 ‚10 
21-10 10 
21-31 .10 
21-48 ; 19 
27-47 ‚20 
25-54 ‚20 
25-56 ‚40 
26-67 1.35 


To order parts, use the Parts Order Form fur- 
nished with this kit, If Parts Order Form is not 
available, refer to Replacement Parts in the Kit 


Builders Guide, 


DESCRIPTION 





56 Q 
470 9 
680 Q 
1000 € 
4700 € 
8200 9 
10 KQ 
22 KQ 
100 KQ 
150 KQ 
270 Q 


.001 uF 

.005 ШЕ 

.01 uF 

02 ЦЕ 

.05 uF 

wl uF 

10 uF 

100 ШЕ 

Tuning capacitor 


PART PRICE 
No, Each 








DESCRIPTION 


OTHER CIRCUIT COMPONENTS 


417-118 40 
9-6 „90 
401-36 ‚65 
40-984 ‚85 
19-83 ‚95 
60-2 ‚30 
15-52 ,10 
69-15 2,89 


401-137 2.50 
407-116 3,00 
412-1 215 
434-21 10 


CHASSIS PARTS 


200-544 ‚85 
202-83 ‚09 
202-84 ‚бо 
202-85 .50 
204-922 .10 
204-946 ‚09 
86-18-1 .90 


Transistor (type 20339: 


LDR 
Earphone 
Antenna coil 
Control 
Switch 
Switch insulator 
Relay 
Speaker 
Meter 

Lamp 
Socket 


Remote chassis 
Front panel 
Rear panel 
Side panel 
Meter bracket 
Battery bracket 
Circuit board 
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PART PRICE 


№. Each 





HARDWARE 


250-182 —.05 
250-175  .05 
252-51 .05 
250-172 .05 
252-1 „05 
254-7 „05 
250-89 ‚05 
250-56 „05 
250-162 „05 
250-170 .05 


292-3 .05 
252-22 .05 
254-1 .05 
250-52 .05 
253-1 05 
253-2 .05 
252-7 .05 
253-10 .05 
253-6 .05 


212-14 ‚10 
258-47 .05 


DESCRIPTION 


2-56 x 1/4" screw 
2-56 x 3/8" screw 
2-56 nut 

3-48 x 3/8" screw 
3-48 nut 

#3 lockwasher 

6-32 x 3/8" screw 
6-32 x 1/4" screw 
6-32 x 1/2" screw 
#6 sheet metal screw 
6-32 nut 

#6 speednut 

#6 lockwasher 

4-40 x 1/4" screw 
Fiber flat washer 
Fiber shoulder washer 
Control nut 

Control washer 
Large fiber washer 
Jumper strip 

Lug connector Spring 


III A'TIIICIT Ж 
PART PRICE 


DESCRIPTION 
No, Each 





MISCELLANEOUS 


100-849 1,50 Wire pack 
207-19 .10 Cable clamp 
258-37 „25 Кеу 

258-38 „05 Connector spring 
258-43 „09 Battery spring 
263-7 .05 Felt foot 

462-1" ‚15 Pointer knob 
462-105 10 Knob 


490-25 „15 Screwdriver 
490-5 ‚10 Nut starter 
2.00 Manual (Зее front cover for 


part number,) 


The above prices apply only on purchases from 
the Heath Company where shipment isto a U,S.A, 
destination, Add 10% (minimum 25 cents) to the 
price when ordering from an authorizedService 
Center or Heathkit Electronic Center to cover 
local sales tax, postage and handling, Outside 
the U.S.A, parts and service are available from 
your local Heathkit source and willreflect addi- 


tional transportation, taxes, duties and rates of 
exchange, 


